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INTEODUCTORY MEMORANDUM. 



The Council of the Institution of Cinl Engineers, in issuing 
this volume on the Training and Status of Civil Engineers 
in the United Kingdom and in Foreign Countries, desire to 
express, on behalf of the Institution, their cordial thanks 
for the trouble taken by various correspondents in so fully- 
responding to their inquiry, and for the ready courtesy 
with which the information so supplied has been in every 
case communicated. 



A FEW years ago attention was called to the state of 
technical education in this country, which, it was stated, 
had been recently shown to be so much inferior to that in 
other European states as to threaten seriously the industrial 
interests of Great Britain. The subject was taken up by 
the Government, and by various public bodies, and much 
^ .information respecting it was collected and put on record. 
The Council of the Institution of Civil Engineers felt it 
their duty to interest themselves in that part of the inquiry 
which bore upon their own profession. During the sessions 
of 18G7 and 1868 suggestions had been made* to them with 
a view to their taking steps for promoting and encouraging 
the theoretical education of engineering students ; and after 
considering the subject maturely, they resolved that it 
would be highly desirable in the &st instance to obtain, 
il^om the most direct and authoritative sources, full informa- 
tion as to the system adopted for the education and technical 
training of Engineers, and generally as to the status of 
members of the profession, in various foreign countries 
where this profession had assumed an important position. 
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With this view the Council issued the following cirenlar : — 
The Institution 'OP Civil Engineers. 

Established 1818. Incorporated by Royal Charter 182S. 
25, Greai George Street, WeHminster, 8.w. 

7 Jtdy, 1868. 

Sir, 

The Council of The Institution of Civil Engineers, being anxious to 
obtain the most complete and reliable information as to Engineering 
Education (other than Military Engineering) in different countries, have 
directed me to seek your assistance and co-operation, with a view to the 
collection of full particulars of the systems of instruction pursued in your 
country and elsewhere, their cost to the students and to the State, and 
the effect, or presumed effect, of such preparatory training upon the 
profession. 

The accompanying heads of inquiry have been drawn up to serve as a 
basis for the investigation, but not in the least degree to limit its scope ; 
and I am to express the earnest hope of the Council, that you will be 
pleased to promote the object they have in hand to the utmost of your 
power. 

I am. Sir, 

Your obedient Servant, 

James Forrest, 

Secretary. 

HEADS OF INQUIRY 

As to Systems of Engineering Education in different Countries, 

The general system of Engineering Education (exclusive of Military 
Engineering). 

The presence or absence of Government support, and its nature if given. 
The courses of study and examinations, if any, required before entering 
the profession. 

A list of the principal establishments for Engineering Education, with 
programmes of the course of study pursued at each place, and details 
of the systems of teaching and of the whole modu^ operandi of commu- 
nicating instruction. Also a Catalogue of the Text Books employed. 

The nature of the Diplomas, or Certificates granted, if any. 

Whether the plan of serving a regular pupilage to a practising Engineer, 
as in England, prevails ; and, if so, the fees paid by the pupils, and the 
duration of such pupilage. 

The practice of the profession as to the assumption of the style and title 
of Civil Engineer, without any previous regular training, certificate, or 
diploma. 

The titles of any printed Beports, or other documents, bearing on the 
subject of Engineering Education, which may be consulted with 
advantage. 



In additiou to this, the Couiieil invited suggestions on the 
subject from any persons who inigbt be willing to aid in the 
cause. 

m These appeals were liberally responded to, a very large 
W mass of information having been received, consisting of 
original reports and statements by Engineers of eminence, 
and by the authorities of educational establishuieuta, accom- 
panit3d by volnminous collections of printed documents 
illustrative of the subject, often in minute detail. 
m This information has been carefully examined, translated, 
^ condensed, abstracted, classified, and arranged, and uisome 
cashes, where there was no direct intelligence, reference has 
been made to published sources of information, in order to 
render the whole as complete as possible- The result is 
now given in the following pages, and the matter has been 
divided into three parts. 
^ The First Part contains inforaation collected as to the 
W educational institutions in Great Britain and Ireland, where 
instruction is given bearing on the profession of eDgineering. 
M The Second Part eontaius information collected as to 
^ engineering education and the status of Civil Engineers in 
, foreign countries. 

■ In Part the Third are published various suggestfons which 
^ have been otfered to the Comicil, and extracts taken from 

various publicatioiLs, bearing on the subject of engineering 
education generally. 

I It may be desirable here to give a brief summary of the 
P most important points that appear to be shown by these 
documents in regard to the status of the members of the pro- 
fession in different countries, and the nature of the education 
^ and training they receive, 

■ It will facilitate any remarks on the latter subject to 
distinguish clearly between the two kinds of education 
which it is generally deemed desirable an Engineer should 
receive. 

In the first place, he should be acquainted with such 
physical sciences as bear on his profession-, and ^b.Qvvl4 
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familiar with the rules and operations necessary to apply 
their principles in practice. The imparting of this know- 
ledge may be termed the theoretical education of the 
Engineer. 

Secondly, he must be acquainted by actual experience 
with the nature of practical works, and with the operations 
and processes necessary for their design and construction. 
The obtaining of this knowledge is his practical ediication. 

This twofold training is not peculiar to engineering, it 
obtains in almost all other professions. In medicine and in 
law, for example, the theoretical and practical courses of 
studies are essentially distinct, and the combination of both 
is necessary to form the competent practitioner. 

The Status and Education of Engineers in the 
United Kingdom (Part I.) 

It is hardly necessary to remark, except for the purpose 
of completing the comparison with foreign countries, that 
in England the profession of engineering is entirely uncon- 
nected with the Government, there being no state corps of 
Engineers other than those attached to the Army. It is 
open to any one to enter the profession, and to obtain in it 
any standing his merits may entitle him to ; and all the 
civil works of the country, whether public or private, are 
(with some few exceptions, where Eoyal Engineers have 
been employed) executed by private practitioners. 

There is, further, in England no public provision for 
engineering education. Every candidate for the profession 
must get his technical, like his general education, as best 
he can ; and this necessity has led to conditions of educa- 
tion peculiarly and essentially practical, such being the 
most direct and expeditious mode of getting into the way of 
practical employment. 

The education of an Engineer is, in fact, effected by a 
process analogous to that followed generally in trades, 
namely, by a simple course of apprenticeship, usually with 
a premium, to a practising Engineer; during which the 
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pupil is supposed, by taking part in the ordinary business 
routine, to become gradually familiar with the practical 
duties of the profession^ so as at last to acquire competency 
to perform them alone, or, at least, after some further 
practical experience in a subordinate eapacity. 

It is not the custom in England to consider tlmrdwal 
knowledge as ^ absolutely essential. It is true that moat 
considerate masters recommend that such knowledge 
ehould be acquired, and prefer such pupils as have in some 
degree attained it, and it is also true that intelligent and 
earnest-minded pupils often spontaneously devote them- 

I selves, both before and during their pupilage, to theoretical 
studies ; but these cases, though happily much more fre- 
quent now than formerly, really amount only to voluntary 
departures from the general rula 
The theoretical knowledge which may, in these cases, be 
desired, is obtained cither by private reading or by at- 
tendance at the scientific classes established at various 
educational institutions, some of which have made special 
provision for studies of this kind, as may be seen in the 
particulars given in Part 1* 

The practical education in England is perhaps the most 
perfect possible, if the opportunities obtained during the 
pupilage are ample, and the pupil properly avails himself of 
them; for nothing can give a student so thorough and 
useful a knowledge of practical works as being actually 
engaged for a length of time upon them in a really working 
capacity ; in addition to which, the habits of business and 
the familiarity mth all subsidiary arrangements, acquh'ed 
in this way, have a beneficial influence on the student's 
future career- This thorough proficiency in practical mat- 
ters tends largely to compensate for — in many cases to 
outweigh— the deficiency in theoretical attainments, and it 
is undoubtedly this, influenced in some degi-ee by the 
^ natural self-reliance and practical common sense inherent 
B in the English character, which has given such a high 
standing to the profession in this country. 



Thb Status and Edduation op KKomEEBs im Fobeiuk 
CoTOTRiEs, (Part 11, ) 

In most parte of the Continent the status of Civil Engi- 
neers differs materially from that obtaining in EnglantL In 
almost every country of Em*ope there exiete a state corps of 
Engineers, educated and supported by the Qovernmen' 
whose business it is to construct and superintend the publi 
works of the nation. Private practitioners arc tiiorefore 
excluded from these works, and have to find employment, 
as best they can, in private industrial euterprisea 

France affords the most perfect example of this 8yste 
The Government Corps of Engineers exists under two 
diyisions, viz*, the Ingenieurs des Mines and the Ingen* 
des PonU d Glmmsks, The former have the highest ra 
and are employed chiefly, but not exclusively, on mining 
operations, and works allied thereto; the latter take the 
more general public constructive works, as their name 
implies. 

There are several classes in each division, Inspectors 
General, Engineers in Chief, and ordinary Engineers, and 
promotion is partly by merit and partly by seniority. The 
total number at present is given (page 43) at 783. They 
hold a good position in the country ; have generally con- 
siderable ability ; and include in their ranks some men of 
great eminence in mechanical Science. 

Members of either corps are allowed, on special applica- 
tion, to undertake private w^ork on the railways of the 
country (all other private work being forbidden), and re- 
ceive a sort of furlough for the purpose. But if their 
absence from their oflScial duties exceeds five years they 
forfeit their position, and lose all rights appertaining 
thereto. 

The cases, however, of Government Engineers taking 
charge of private works are not numerous, as there exists 
in France a large body of Civil Engineers independent of the 
Government, and having no official status, who devote them- 
selves to the requirements of private individual enterprises. 



These have to make their own way iii the profession, and 
occupy in fact the same kind of position as^ Engineers in 
England, except that they have a sort of official guarantee 
as to their education, as will be hereafter explained. 

The education of foreign Engineers is strongly contrasted 
with that in England in every particular. Practical training 
by apprenticeship is unknoi^Ti ; the education begins at the 
other end, namely, by the compulsory acquirement of a high 
degree of theoretical knowledge, under tlie direction, and 
generally at the expense, of the Government of the country. 
Partly with this, and partly afterwards, there is communi- 
cated a certain amount of information on practical matters ; 
but this is imparted in a way tiifferiug much from the English 
plan, and probably with less efficient results. 

Thus, while the English Engineer is launched in his pro- 
fession with the qualtfication of a considerable practical 
experience, but with perhaps little or no theoretical know- 
ledge, the foreign one begins with a thorough foundation of 
principles, but with a limited course of practice j a deficieucy, 
however, which tends to correct itself w^th time* 

The education of both the Government and the private 
Engineers is on the same system, though carried on in 
different establishments. 

The Government Engineers must have been at first pupils 
at a large general scientific educational establishment called 
the Ecole Polytechnique. Admission to this is by public 
competition, and the standard is very high — so high, in fact, 
as to exclude all but persons already well advanced. The 
education in this school is exclusively scientific and theo- 
retical^ and fi*om it students are taken to supply not only 
the coriJS of Government Civil Engineers, but also all the 
scientific departments of the army and navy. 

After a two years' course in the Ecole PolytechniquGj such 
yoimg men as are candidates for Government emplojTnent 
as Engineers are drafted off, also by strict examinations, 
into two special schools for the two departments respect- 
ively, namely, the Ecole des Mines and the Ecole des Pont« 
et Chauasees, in each of which the studies last three years- 
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During the five years thus spent, the theoretical education 
given to the Engineer is very complete, every branch of 
science bearing on his profession being taught him, and 
his proficiency being tested by the strictest examination 
at the end of the term. On passing the final examination, 
the pupil enters the coi-ps he is destined for, and begins at 
once his oflScial duty in the lowest grade. 

The practical education of the pupil, though not so com- 
plete or so effective as in England, is by no means neglected. 
During the three years' study in the special schools, much 
instruction is communicated having a practical bearing ; 
lectures, descriptions, and exercises being given very fully 
on practical matters, with the object of making the pupil 
familiar with the general nature of the works he will here- 
after have to do with, and so preparing him for his future 
experience on them. To aid this, the pupils are sent for a 
considerable portion of the three years on " missions " to 
various public works in practical execution under the de- 
partment they are to be attached to ; but whether during 
these missions they actually take part in the works going 
on, or merely make observations, and write accounts of 
what they have seen, is not clear. 

At any rate, at the end of the term (being then twenty- 
three or twenty-four years of age) they are assumed to be 
capable of doing useful practical work in the lower grade, or 
third class, and are at once given employment, with pay, as 
supernumeraries, draughtsmen, or sub-engineers, on some 
important engineering work in progress, where they gain 
the further practical experience necessary to fit them for 
taking more independent positions. 

The education both in the Ecole Polytechnique and the 
subsequent Special School is mainly at the cost of the Go- 
vernment, the pupil only paying small fees. This fact, and 
the provision for life which the employment affords, produce 
a very keen competition for the privileges, which keeps up 
a high standard of qualification. 

The education of Civil Engineers practising privately is 
given in an establishment called the Ecole Centrale des Arts 
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et Manufactures- This was originally founded as a private 
establistimeut ; but it was afterwards taken to by the Stata, 
and is now entirely under GoTernment direction. The in- 
Btruction, however, is not professedly gratuitous, as the 
pupils pay moderate fees. 

Admission to this school is open to all who can pass a 
strict enti*ance examination ; but the appHeations always 
much exceed the numbers that can be received (about 200 
fLnnually), and selection is made of the best. 

The course of studies lasts three years, and is generally 
of the same natm'e as that ^iven to the Government Engi- 
neers, with the exception that mathematical attainments 
are not pushed quite so high. In the tirst year the instruc- 
tion is theoretical only ; in the second and third years theo- 
retical and practical instruction arc combined. Thus the 
school aims at representing a combination, on a less extended 
scale, of the Polytechnic and special schools of the Govern- 
ment corps. It is, moreover, more general and practical in 
its nature, so as to prepare the pujiil as much as possible 
for any of the varieties of engineering work that may fall 
in his way, or indeed for other occupations of a scientific 
nature- 

^ After this course is passed through, a diploma of Ingg- 
W nicur des Arts et Manufactures " is given to those students 
who have passed the highest public examination, and a 
lower certificate of capacity to those who have simply satisfied , 
the important points. These documents give no claim to 
^ any employment, but are considered such good guarantees 
B of ability, that their holders seldom fail to procure paid 
^ employment soon after leaving the schooL They begin, 
^ like the Government Engineers, in subordinate situations, 
■ imd gain experience and position as they go on- 

There is nothing to prevent any Engineer from i>ractising 
in France wlio has uot been through any of the acknow- 
ledged schools, and self-made men of superior practical 
ability have often succeeded well ; but these cases form the 
exceptions to the general rule. 
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Ill Prui!isia, tt curpsi called Master Comtructors (5au- 
tmkier) are employed by the State, and ai*e educated as 
follows 

Each officer must first have received a complete general 
scientific training in one of the ordinary schools or gymnasia 
of the countiy. 

He must then be practically engaged for one year wi 
one of the constructive oflBcers of the State. 

He is then admitted into a special Government edu 
tional establishment in BerUn, called the Royal School 
Construction (Konigliche Bau Akademie), where he remains 
two years, the studies comiirising all branches of Bcientiflc 
knowledge appertaining to engineering and architecture, 
particular care being bestowed on construction and draw- 
ing. He then passes the first State examination, and enters 
upon practical paid employment in a subordinate capacity. 

After three years of this, he devotes two more years to 
study, and then passes a second State examination, when 
he is considered fully qualified for a Government appoint- 
ment in the higher grade, which he will receive as vacancies 
occur. 

Thus the complete education of the Government official 
Engineer occupies in all eight years from the time of his 
leaving the preliminary school, of which four years arc 
devoted to actual practice— a feature that appears to be 
general in Gcnnany, and that remarkably distinguishes the 
German curriculum from the French one, and brings i 
more into analogy with the English ; with, however, t' 
very important addition of the theoretical acquirements. I 
has, in fact, the advantages of the English and the Fren 
systems combined. 

It is peculiar to the Prussian Government system that th 
student must fully qualify both in engineering and arc^ ' 
tecture. 

There is also in Berlin a Government school for priva 
ractitiouers, called the Royal Industrial Academy (Konigliche 
Gewerbe Akademie), analogous to the Ecole Centrale of 
Paris. This has also the feature of requiring the education 
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to be commenced hy passing some time in practical emi>lo} - 
ment. The course in tlie sehool occupies three years, and 
the certificate giyen is generally a sufficient recommendation 
to remuneratiYe employment. 

In the Duehy of Baden the arrangements for engineering 
education in the Polytechnic Institution at Carlsruhe are 
noted for their perfection, and in consequence the school is 
much frequented by foreiguerB, Copious information will 
be found as to this school ; and, in order to convey a more 
complete idea of the nature of the education, there is added 
a complete list of the questions given for the examination 
for the Diploma in Civil Eugiueering in 1867-8. The 
degree of proficiency, both in theory and practice, required 
for the proper solution nf these questions must be very 
^ remarkable. 

■ The system in Austria seems pretty nearly the same 

^ ill Prussia, except that there would appear to be only one 
^ educational establishment, the Polytechnic Institute, for 
B all classes of Engineers, and that auy students are eligible 
^ for Government employment, on passing the required 
examinations. After examination diplomas are granted, 
guaranteeing the theoretical and practical proficiency of 
the student ; and licenses to . practise in engineering, 
arcliitccture, and surveying must be obtained from the 
Government, according to prescribed rules. This restric- 
tion on pri\rate practice appears peculiar to Anstria aiui 
some neighbouring states. In Prussia, and most other 
. German countries, as in France and England, tlic right to 

■ practise is free. 

^ The system in Russia appears pretty nearly the same as 
^ in France. 

■ In Switzerland, the Polytochnic School of Zurich and the 
Si>ecial School of Lausamie b^r a high character for engi* 

^ neering education, 

■ In Italy there are also good educational arrangements. 
In Spani there is a corps of Government Engineers some- 
what analogous to those of France, and their education is 
properly i^rovided for- 
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In the United States there is no Government system of 
education, nor does the English practice of pupilage with a 
premium prevail. It would appear that young men, after 
obtaining an education in some college or school, enter at 
once as paid assistants into Engineers' offices, and after- 
wards make their way in the profession as best they can. 

Suggestions and Extracts. (Part III.) 

It remains to give a brief notice of the principal points 
contained in the suggestions and extracts in Part III. 

Sir John Rennie's communication refers chiefly to the 
practical knowledge to be acquired during and after pupilage. 

Mr. Conybeare considers that, whereas some years ago the 
foreign Engineers were deficient in practical experience, and 
the English in scientific training, at present the former 
defect has been remedied, but the latter remains, placing 
the English Engineer at a great disadvantage, as compared 
with his foreign brethren. He considers that the profes- 
sional organization in England is defective, and that there 
is not sufficient security that any one elected to the Insti- 
tution has really the qualifications of an Engineer. 

Mr. Conybeare suggests : — 

1. That the Institutiou might influence for good the 
scientific education given in the Engineering departments 
of the colleges and schools. 

2. That no Engineer should take a pupil without adequate 
scientific training. 

3. That Engineers in different departments of the pro- 
fession should exchange pupils for a time. 

Mr. Heppel insists on more theoretical knowledge being 
acquired before and during pupilage, and suggests that a 
Faculty of Engineers might be created at one or more of the 
public universities, not for educational purposes, but for 
examination, and the conferring of a degree — say, " Master 
in Engineering " — on competent candidates. 

Mr. Callcott Eeilly, admitting the deficiency in theoretical 
acquirements of so many young men practically studying 
the profession, suggests that the influence and resources of 



the InBtitution might be beneficially employed by the esta- 
hUslmient of " Readerships," with the object of giving such 
students instrnetioo in theoretical knowledge, or rather for 
aiding them in instructing themselves* 

The Society of Arts CommittBc approve of the system of 
pupDage, but recommend an extension and improyement of 
the preliminary scientific education giyen in ordinary col- 
leges, so that students should enter on their pupilage as 
weU instructed as foreign students enter the special schools 
of the Continent. The proficiency of students in the college 
should be tested by examinations^ and diplomas conferred, 
not, howerer, as certifying competency to practise, but 
merely vouching that they have attained such proficiency in 
the theoretical studies as to be fit to enter on a practical 
pupilage with advantage to themselves and their employers. 
The examination should be conducted with the aid of two 
independent examiners, one appointed by the Government, 
and one by the leading Institution of the profession. 

After pupilage, a voluntary public examination might be 
held, partly practical and partly theoretical, with the view 
of testing whether the yoimg men hare really profited by 
the pupilage ; and diplomas should be granted to young men 
of undoubted merit 

They recommend that persons taking pupils should give 
the preference, as far as possible, to those adducing evi- 
dence of the possession of adequate scientific instruction. 

Professor Fleeming Jenkin points out forcibly and lucidly 
the defects of the present English system, and the great 
superiority of the foreign one as regards theoretical know- 
ledge. His views as to improvement will be found concisely 
statetl on page 204. 

Mr. Scott Russell laments the evils tlireatencd to this 
country by the deficiency of technical education generally, 
and recommends large measures for averting them. 

Professor Leone Levi recommends the estabUshment of 
an industrial university, or a superior technical institute, for 
the direction and promotion of technical, industrial, and 
professional instruction in the United Kingdom. 



PART I. 



EDUCATIONAL INSTITUTIONS IN GREAT 
BRITAIN AND IRELAND 

WHEBE IN8TBUCTI0N IS GIVEN BEABING ON THE PB0FES8I0N 
OP ENGINEEBING. 
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Educational Institutions in Geeat Britain and Ireland 
where Instruction is given hearing on the Profession of 
Engineering. 



The information contained in this part has either been com- 
municated directly to the Council, or taken from documents pub- 
lished by the various establishments named. 

These establishments are : — 

King's College, London. 

University College, London. 

The Eoyal Schod of Mines, London. 

The Eoyal School of Naval Architecture, London. 

The University of Edinburgh. 

The University of Glasgow. 

Trinity College, Dublin. 

The Eoyal College of Science, Dublin. 

Queen's College, Cork. 

Owens College, Manchester. 

Some notes are added, incidentally, on — 

The Eoyal Agricultural College, Cirencester. 
The Whitworth Scholarships. 

The Examinations for the Engineering Service for India. 



KING'S COLLEGE, LONDON. 

This is one of the most frequented institutions for the pre- 
paratory training of young men about to enter the profession 
of Civil Engineering in England. 

It comprises several departments of education, but the one which 
has more particularly to do with this subject is the Department 
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of Applied Sciences/' which is thus defined by the anthoritdee of 
the College : 

" The object in view in this department is to provide a system d 
general education, practical in its nature, for a large class of yoimg men 
who in after life are likely to be engaged in commercial and aRricultuial 
pursuits, or in professional employments, such as Civil and Military 
Engineering, Surveying, Architecture, and the higher branches of mann- 
facturing art." 

It is also intended to prepare students for scientific examinations, sach 
as those of the University of London, the Department of PabUc Works, 
India, Whitworth Scholarships, &c. 

The whole course occupies three years, and forms an appropriate intro- 
duction to that kind of instruction which can only be obtajned within the 
walls of the manufactory, or by actually taking part in the labours of the 
surveyor, the engineer, or the architect. 

The following subjects are taught in this department : 

1. Mathematics. 

2. Natural Philoso^y in its various branches, inclnding Practi- 
cal and Experimental Physics. 

These are taught by lectures and illustrations in the usual 
way. 

3. The Arts of Construction in connection with Civil Engineering 
and Architecture. 

This consists of lectures on Materials, Foundations, the 
principles and practice of the design and construction of 
Railways, Bridges, Houses, Sewerage, Tunnels, Canals, Docks, 
Harbours, Lighthouses, &c. ; and the more advanced students 
are exercised upon essays on various engineering questions, 
and on constructive designs for works 

4. Manufacturing Art and Machinery. 

This comprises lectures on the manufeicture of iron and 
steel, and other metals, and on machinery and manu&cturing 
processes of various kinds ; the lectures " being intended to a^ 
a knowledge of practice to a knowledge of theory taught by 
the other professors." 

The students have the opportunity of visiting works in the 
vicinity of London ; and, at an advanced stage, are exercised on 
essays and designs as in the last-mentioned subject. 
The instruction in this branch is aided by the establishment of 
an Engineering Workshop, in which the students are allowed to 
work, and where they have the opportunity of learning some 
of the simplest processes of practical working in wood and metals. 

5. Land Surveying and Levelling. 

These are taught theoretically by College lectures, and practi- 
cally by exercise in the field. 
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6. Drawing, 

This comprises not only fr^ drawing, but geometrical pro- 
jection, and practical drawing of the mnd used by architects 
and civil and mechanical engineers. 

It ia taught by actual practice in the ordinary way, 

7, Chemistry. 

Taught by lectures and laboratory practice. 

8i Geology and Mineralogy. 

Taught by lectures and by occaflional field excurBions, 

9. Photography. 

Lecture and demonstrations. 

Emminations arc held, and prizes and certificates are given; 
and a few of the students exhibiting most proficiency are elected 
AseociateSj'* who are entitled to peq>otual free admission, and to 
Bpecial honour in the College. 



UNIYEK8ITY COLLEGE, LONDON, 

This efltahlishment is also designed to afford preparatory training 
to students of Engineering. It contains a Department of Oiml and 
Mechamcal E^i^meering^ of ^hieh a apecial prospectus m isaued 
annually. 

The following extract from the prospectus will explain the 
general objects aimed at ; 

The com'se of inBtmctlon in tliia department is not inteaded to super- 
gedc the neceasity of tho Engineering; student serving ix pupilage on the 
works of a Civil and Mechanical Engineer, m it ia only upon tbem that he 
can obtain a thorougli knowledge of the practical details of construction ; 
but it m designed to teach him the theoretical principles of his profeBSion, 
together with those habits of thongtit and observation without which he 
wfil not be able to takefuJl advantage of the practice that will come before 
him during his term of pupilage. 

The complete cnuxBe extends oTer three seasiona, and embrai^s the 
following subjects : 
^ Mathematies, pure and applied. 

^ Apx^hed meehanicsw 

^^^^^ Physics, 
^■■■■^ Pliysical laboratory. 

^^^^^^B Chemistry. 
^^^^^H Chemical laboratory. 

^^^^^H Civil and mechanical Engineering. 

^^^^^^H Mechanical drawing and designing, 

^Hj^^^B SiLrveying and leTeUing. 

^^^^^^ Geology, 

B Students who have gone through the complete course, and who have 
^ passed the examination at the end of each of the three sessions, to the 
satisfeetion of the Professors, will bo entitled to the Geneml CcrtiScate of 
Engineering, 
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There is also a Professorship of Architecture and Constne- 
tion, in which these subjects are comprehensively treated in two 
courses, viz. : 

Architecture as a Fine Art. 

Architecture as a Science. 



ROYAL SCHOOL OF MINES, LONDON. 

The object of this School is set forth in the following extiac 
from the rrospectus : 

" The principal object of the Institution is to discipline the studeni 
thoroughly in the principles of those sciences upon which the operation 
of the miner and metallurgist depend. Of course, nothing but experienc 
in the mine and in the laboratory can confer the skill and tact lequffiil 
for the practic€d conduct of those operations ; but, on the other hand, it j 
only by an acquaintance with scientific principles that the beginner ca 

Srofit by that experience, and improve upon the processes of his pn 
ecessors." 

The course of study occupies three years, and comprises the fol 
lowing subjects : 

Physics and Applied Mechanics. 

Chemistry (Inorganic). 

Laboratory Practice. 

Mechanical Drawing. 

Geology. 

Palaeontology. 

Mineralogy. 

Metallurgy and Assaying. 
Mining. 

The mode of instruction is by systematic courses of lectures, l 
written and oral examinations, by practical teaching in the labon 
tories and drawing office, and also, under certain conditions, by fid 
excursions. 

Scholars who have gone through the proper course, and pass tl 
requisite examinations, are entitled to receive an official certificat 
conferring on them the title of Associate of the Boyal School < 
Mines, 

KOYAL SCHOOL OF NAVAL AECHITECTUEE AN: 
MAEINE ENGINEEKING, SOUTH KENSINGTON. 

This is a School for the instruction, primarily of Admiralty pupi 
from the Eoyal Dockyards, and of Officers of the Eoyal Navy ; an 
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ndarily of naval architects and ship-buOders in wood and iron, 
rine engineers, foremen of works, shipwrights, and other persons 
IdeBirons of studying Naval Architecture, 

The course of instmction ia calcuJated to last for four years, on 
the supposition that the student comes with a fair knowledge of 
Drawing and Practical Geometryj and an elementary knowledge of 
"athematics and Physics, 
Diplomas are given to all persons, whether they have received 
iheir instruction at the School or not, who pass the final examina- 
tions of the School, provided that they give satisfactory evidence of 
having gone through a certain course of practical work These 
diplomas are of two grades, according to the success of the candi- 
date in the examiiLation ; the title of the higher grade being FeMoWj 
and of the lower, Associate, of the Eoyal School of Naval Archi- 
tecture* 

The subjects for the lower grade are : 

Arithmetic, Algebra, Menenration, Euclid, Trigonometry^ 

Logarithms, Elementary Mechanics, and Hydrostatics. 
Elementary Physics. 
Practical Ship-building. 
Practical Engineering* 
Steam* 

Ship and Engine Drawing. 

For the higher grade, further proficiency is required in Mathe* 
matics, in the Designing of ships and engmes, and in some other 
branches of science. 

UNIVERSITY OF EDINBTJEGH. 

The arratigements for Engineering instruction at this establish- 
ment are thug described by the able Prol'essor of Civil Engineeriog, 
Mr. Fleeming Jenkin, F.K.S. : 

" The instruction provided for Engineers at the University of 
Edinburgh is now, I think, fairly well organized. It consists of 
at least a two-years' course of study^ arranged as follows : 

Mrsi ymr. 
Mathematics. 
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Second year. 

Sninmer Seaaion. — Saryeying, leyelling, and setting out 
Winter SesEdon. — MathematioB. 

Chemistry. 
Engineermg. 
Mechanical drawing. 

These two years of stndy are followed each by a general U 
versity examination, leading to a degree of Bachelor^ or lioentii 
of Engineering. This degree has not yet been conferred, owing 
certain legal difficulties, ^mich are in process of removaL 

The course called Engineering consists of about 100 lectures 
each session, and treats of the following subjects : 



Year A. 

1. Principles of statics; couples; parallel and indined forc< 
centre of gravity ; moments of mertia. 

2. Equilibrium and stability of frames, bracing-cords, ribs a 
linear arches. 

3. Strength of materials. 

4. Strength of the simpler forms in which materials are used. 

5. Application of mechanical principles to combined structui 
especially roofs and bridges. 

6. The construction of roads, railways, and tramways. 

7. Principles of dynamics ; Newton's laws of motion ; cons 
vation and transformation of energy. 

8. Application of the principles of dynamics to prime move 
especially to locomotives. 

9. Applications of machinery to manufactures. 



YearB. 

1. Application of statics to the determination of fictional & 
bility and to hydrostatics. 

2. Hydrodynamics. 

3. The construction of waterworks. 

4. Drainage of towns. 

5. Construction of harbours. 

6. Application of kinematics to machinery, illustrated by m 
wright work. 

7. The construction of the condensing steam-engine. 

8. The construction of water-wheels, turbines, and primi 
machinery. 

9. Some special applications of machinery to manufiacturing p 
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The student can begin his course of etudy either in year A or 
in year B, 

" The Lectures on Chemistry, on Natural Philosophy, and on 
Mathematics, each form courses of about a hundred days of atten- 
dance, and are probably m good as can be obtained anywhere. The 
mechanical drawing class ]s as close an approach to the actual 
drawing office as caiL be provided. It is open every day during the 
session, from 10 to 2 p*m. 

The class of surveying, levelling, and setting out is a practical 
class, instruction being given in the field, 

" All these classes are in practical operation. The number of 
students attending the Engineering Class is about 25 annually; 
they work hard, and profit by the lectures. 

" A workshop will nest year be affiliated to the University, but I 
do not attach great importance to it as a m^ns of education. 

" Chairs of geology and of architecture are alone, ia my opinion, 
required in Edinburgh to render the education offered to the Engi- 
neering student very complete/' 



GLASGOW U^TIYEESITY. 

In this University the Faculty of AxtSj which contains Mathe- 
matics and Natnral Philosophy, includes also a Profeaaorship of 
Civil Engineering, the studies in which are summed up briefly as 
follows : 

The stabilitT of stmctnres, the strength of materials, the 
principles of the action of machineSj prime movers, whether 
driven by animal strength, water, vrind, or ttie mechanical 
action of heat (as in lie steam-engine), the principles of 
hydratilicfl, the mathematical principles of surveying and 
levelling, the engiueering of earthwork, masonry, carpentry, 
structures in iron, roads, railways, bridges and viaducts, tun- 
nels, canals, works of drainage and water supply, river works, 
harbour works and sea-coast works, 

A certificate of " Proficiency in Engineering Science" is granted 
to students who have passed two sessions in the above studieSj and 
also satisfy the examiners aa to their knowledge of mathematita, 
natural philosophy, chemistry, geology, and mineralogy. 

The following notes on the subject are by the present able Pro- 
fessor of Civil feigineerbg at this University : 
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Notes as to Instruction in Enqineerikg Sotenoe, drawn up 

FOR TUE information OF StUDENTS. 

1. Preliminary Education. 

Of the ordinary branches of elementary education arUhmdic is 
of special importimce to the student of Engineering ; and he ought 
to be familiar in particular with the most rapid ways of perfonning 
calculations consistently with accuracy. 

It is desirable that he should be well instructed in engineering 
and mechanical drawing, as part of his preliminary education ; but 
he may, if necessary, obtain that instruction during the intervals 
of an University course. 

It is also desirable, if possible, that the elementary parts of 
mathematics, such as plane geometry, plane trigonometry,, and 
algebra as fax as quadratic equations, should form part of his preli- 
minary education, as thereby time and labour will be saved during 
his University course. 

2. University Course. 

The course of study and examination adopted by the University 
of Glasgow is described in the Glasgow University Calendar. 

In dmwing up that course the University have had in view to 
avoid altogether any competition with the offices of civil engineers, 
or the workshops of mecnanical engineers, or any interference with 
the usual practice of pupilage or apprenticeship ; and they have 
accordingly adopted a system which is capable of working in har- 
mony with that of pupilage or apprenticeship, by supplying the 
student with that scientific knowledge which he cannot well acquire 
in an office or workshop, and avoiding any pretension to give him 
that skill in the conduct of actual business which is to be gained 
by practice alone. 

The University course may be gone through either before, during, 
or after the term of pupilage or apprenticeship, according to con- 
venience. An arrangement which is sometimes found to answer 
well is to devote the winter to academic study and the summer to 
the practice of engineering. A student who is not a candidate for 
a certificate in engineering science may attend as few or as many 
classes as he thinks fit. 

(Signed) W. J. Macquorn Eankine. 

Glasgow University, 1865. 

TKINITY COLLEGE, DUBLIN. 

In addition to the ordinary course of academical instruction, in 
which the sciences appear to be well represented, there are in this 



College four specml teclmical or Professionar' Schools^ viz,, for 
Divinity, Law, Mediciae and Smgery, and Engineering. 

The latter was founded in 1842 " with the view of combining 
the theoretical md practical inatniction . remiisite for the profession 
of Civil Engineering, and of imparting to the members of that pro- 
teasion the other advantages of academical education/* 

The peculiarity of thia arrangement, as compared with those of 
the English and Scotch Colleges, is that the Dublin College 
profes^g to fnmigh all the information, practical as well as theo- 
retical, necessary to prepare a student lor his profession, so that 
when he leaves the College he is suppo^ to he at once com- 
petentj without pupilage, to tmdortake professional practice. 

The professional course continues for three years. The instruc- 
tion, which ia given partly by lectures and paiily in the laborator}'^ 
and the field, is arranged as follows : 

First year (Junior Class). 

Mathematics, 
Theoretical Mechanics. 
Chemistry and Mineralogy appHed to the Arts of Construction* 

Second year (Middle Class). 

Practical Mechanics. 
Principles of Physics. 
Drawing, Surveyingj and Levelling. 

Third year (Senior Class)- 
Geology, 

Practical Engineering. 
Drawingj Surveyingj and LeveUing, 
Field Work in general. 

Students passing the final examination are entitled to receive the 
degree of Licentiaie in Engineering, and after three years' puhhc 
practice of the profession they may be raised to the rank of Master 
m Engineering. The business of the Scliool of Engineering is 
conducted by five lecturers : one in mathematics, two in mechanics^ 
together with a professor of Chemistry and Greology appUed to the 
arts of construction, and a professor of the Practice of Engiueering, 



EO¥AL COLLEGE OF SCIENCE FOE IKEL^iND, 
DUBLIN, 

This establishment is under the Science and Art Department of 
Government. It is said, in the prospectus^ to supply — 
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A« &r as pnrixAHe, m complete coozse of iiiEtnicliaii in aeieiioeB apdfi- 
cal'Ie to the ii>ia<rAl artr. ofKciAlljr those vhich niaj be clinnfwi hmcDy 
undtrr the Y.-^a^Li of mining, xnicTiltiire, Engineering, and mamifiictareB. 

The coarse comprises three Tears* study. In the fiist two yean 
the instmction is general : in the last year it is specialized under 
the hctids of <A , Mining; (B», Agncnltuie ; (C), Engineering; 
and ( D), Manofactnres. 

Diii&ion Engineering, comprehends — 

Mechanism and Machinery. 
Mechamical Drawing. 
Engineering and Smreying. 
Geology and Paheontology. 

Division D, Manofactnres, comprises — 

Applied Mechanics and Physics. 

Apphed Chemistry and Technical Analysis. 

There are six Itoyal Scholarships, and nine Royal Exhibitions 
attached to the College. 

A diploma of Associateship of the College is given to stndenlB 
who pass in certain specified subjects. 

QUEEN'S COLLEGE, COEK 

Li addition to the usual scientific instruction this College has 
also a Professorship of Civil Engineering, under which a three years' 
course is given, the particulars and objects being thus stated by the 
present professor : 

Queen's CJollege, CJork, Aug. 4, 186a 

Deab Sib, 

Persons desirous of entering the College as students in Civil 
Engineering are required to pass an entrance examination. They 
are then obliged to attend, during three sessions, certain courses of 
lectures and pass examinations in the subjects of them at the end 
of each session. 

At the end of the course the successful students receive a certi- 
ficate from the College, signed by the different professors whose 
lectures they have attended, certifying that they have attended the 
required lectures and passed the examinations. 

If the students desire to obtain the University " Diploma in 
Civil Engineering" they must, in addition to the above, pass a 
University examination at the end of their second long vacation, 
and another, viz., the Diploma examination, at the end of the 
third. The course originally extended over only two years, but 
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after some experience it woa extended to its present length of 
three years. 

The above course is designed to occupy the whole of the etu- 
dent's time during the three years in which he attends the College, 
and is intended to be completed before the student enters an office, 
in thiB differing from the system pursued at Glasgow, the London 
Coilegesj &c* Without entering on the general question of the 
xelatiTe advantages of a systematic course of instruction in a col- 
lege previous to apprenticeship, and of a combination of the two 
simultaneously, I may point out that the small number of engineers' 
offices iti the neighbourhood of the College obliged the authorities 
to adopt the system now established. A considerable proportion 
of the nmnber of the students entering the engineering department 
of the College never succeed in completing the course ; and finding 
themselves not adapted to the engineering profession, turn their 
attention to other pursuits ; and you will see accordingly tliat tho 
strictly professional element is not introduced into the first year, 
and only shghtly into the second, as a considerable portion of the 
oonrse on surveying and menenration is of use to others than 
engineers, and hence a student failing to get beyond his second 
year has stiU gone through a course of instruction from which he 
may derive much benefit. 

With regard to the courses with which I am directly connected, 
I may observe that I believe that the students derive much benefit 
from being made to go through a systematic coiurse of instruction 
in the principles of geometrical drawing, and theii^ application to 
the delineation of bodies of simple foiiUj before undertaking the 
drawings of complicated structures. 

In the course of surveying the students are expected to make 
themselves thoroughly familiar with the adjustment and use of 
aU the instrument^ usually employed by the Civil Engineer, and 
winch are provided in the College^ and a certain amount of survey- 
ing work is done by the class under the direction of the professor, 
the work being so laid out as to afford examples, aa f ar as possible^ 
of the different kinds of work the student will meet m pactioe, 
and as illustrative of what has been taught at lecture ; but it is not 
expected that at this period of his course the young engineer could 
afford sufficient time to become an expert snrveyor. 

In the course on Civil Engineering the student s attention ia 
chiefly directed to those subjects which he might not have time or 
opportunity to make himself acquainted with in an office. For 
induce, the nature and properties of the materials used by the 
engineer^ the sources from which they are obtained, and the methods 
of obtaining them ; the svhole subject of the " strength of mate- 
rials" and the discussion of the methods of estimating the strains 
in some of the ordinary stniettires ; hydraulics ; the principles of 
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some of the machineB need hj the civil engineer : the lemainder 
of the oonrse being given to an outline of me design of the pnn- 
cipal engineering works. 

(Signed) Alex. Jack, 

Prof, of Civil Engineering, 
Queen's College, Cork. 



OWENS COLLEGE, MANCHESTER. 

A department of Civil and Mechanical Engineering has latefy 
been added to this College. 

The following extract from the prospectus will explain the conrae 
of education pursued : 

Tho complete courso of instruction in this department, extending over 
tlireo years, embraces the following subjects : 

First Year. 

Mathematics. 

Natural philosophy (meclianics). 

Chemistry. 

Geology. 

Grcometrical and mechanical drawing. 

Second Year, 
Mathematics. 

Natural philosophy (physics). 
Chemistj^r. 

Mechanical Engineering. 
Civil Engineering. 
Drawing and surveying. 

Third Year. 

Mathematics. 

Natural philosophy (mathematical). 
Mineralogy. 

Engineering (Senior Class). 
Drawing and surveying. 

Successful attendance on the course will furnish a thorough scientific 
groundwork for the attainment of the knowledge requisite for the j^rose- 
cution of the higher branches of the Engineering profession, but it is not 
intended to supersede the practical training which can only be obtuned in 
the ofl&ce of a Civil, or the workshop of a Mechanical, Engineer. 

Certificates in Engineering will be granted by the College. The exami- 
nation for these certificates will comprise all the subjects recited above. 



THE ROYAL AGEICULTUEAL COLLEGE, 
CIEENCESTEE. 

This is only connected with the present subject, inasmuch as the 
constructive operations of agriculture may be supposed (as is usually 
the case abroad) to belong to the province of the Engineer. 
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The College has courses of chemistry, geology, elementary mathe- 
matics and mechanics, mensuration, surveying, &c. ; but con-, 
structive operations, draining, and mechanical appliances appear to 
be only incidentally treated of. 



WHITWORTH SCHOLAESHIPS. 

In 1868 Mr. (now Sir) Joseph Whitworth founded thirty 
Scholarships, each of £100 per annum, tenable for two or irhree 
years — 

To be applied for the further instruction of young men, natives of the 
United Kingdom, selected by open competition for their intelligence and 
proficiency in the theory and practice of mechanics and the i3ognate sciences, 
with a view to the promotion of Engiaeering and Mechanical industry in 
this country. 

The competition for these embraces several theoretical subjects, 
viz. : 

Mathematics. 
Mechanics. 
Practical geometry. 
Drawing. 
Physics. 
Chemistry ; 

and also awards an equal number of marks for proficiency in the 
handicrafts of 

Smith's work. 
Turning. 

Filing and fitting. 

Pattern making and moulding. 

A certain amount of knowledge in both theory and practice is in- 
dispensable; the object being, while requiring a practical ac- 
quaintance vnth a few simple tools as a sine qua non, to render the 
competition accessible on fairly equal terms to the student who 
combines some practice vnth his theory, and the artizan who com- 
bines some theoretical knowledge vnth perfection of workmanship. 

The management of the arrangements for these Scholarships is 
vested in the Government Council on Education. 



ENGINEEEING ESTABLISHMENT OF THE DEPART- 
MENT OF PUBLIC WOEKS OF INDIA. 

This is not an educational establishment ; it is merely included in 
the present list on account of the periodical competitive examina- 
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tions conducted in it for junior assistants, of which the following 
particulars may be useful. 

Candidates must be not exceeding twenty-four years of age, and 
must have already passed three years either entirely with a prac- 
tising Engineer, or partly thus and partly in studying Engineering 
in a school or college recognized for the purpose. 

The subjects of examination include Arithmetic, Mensuration, 
Trigonometry, Algebra, EucUd, Statics, Dynamics, Hydrostatics, 
and Hydraulics, and also Engineering subjects, as follows : — 

Erigineering, 

Projects for bridges, locks, dams, harbour works, roads, tramways, and 
other Engineering works. 

Irrigation, drainage, water supply, sewerage and mining. 

MalSng working drawings of machinery, and plans, elevations, and 
sections of buildings. 

Carpentry, ironwork, and properties of materials in general. 

Free-hand drawing. 

Map drawing. 

Framing of estimates and specifications from given plans and data. 

Surveying, 

Trigonometrical surveying and traversing with the theodolite. 
Land surveying with compass and chain, and plotting from a field- 
book. 

Levelling, and use of the instruments employed. 
Geometrical drawing. 
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NGINEEEINa EDUCATION, and the StAT0S of ClYTL EhQINEEKS, 

in Foreign CoTO'riiEES. 



The circular issued by tlic Council has elicited a large araount 
of information on these points* Many communicationa have been 
eeot in reply, prepared m most casee hj perBOns of considerable 
ejniaence, and accompanied by docnments giving full particulars sus 
to the infitmction given in the Schools. 

In the following pages all anch communications as, owing to the 
eminence of the writers, or the nature of the information conveyed, 
are of special valuCj are printed entire, those sent in foreign 
language-s having been translated for the purpose. 

In many cases, however, it has app^red that an abstract of 
them would be sufficient. 

In addition to the information obtained directly by the Council, 
many valuable particnlara, rcmarksj and opinions, have been found 
in pnbhBhed work^j particularly in the Reports of the French Com- 
mission in that of M. Koristka to the anthorities of Prague f 
and in the Eeplies to Lord Stanley's Circular on Education 
addressed to our Minist-era abroad,^ 

Some extracts and translations have been made from these 
documents, and are inserted in their proper places; and other 
references are made to the works themselves^ whichj it may be 
obsen^ed, contain a large amount of dc^tailcd infonnation as to the 
educational establishments of the Continent generally, and may be 
referred to with advantage by those who wish to study tlie subject 
further. 

Before giving the information as to the various countries sepa- 
rately, it is desirable t/> insert the following. 



1 See pBK^ 70. 

2 Dcr htiher© poljtcchjiii^Uo Untcirridit, in DentBrbln-DdT in dcr Sdiweiz, in 
FraiLlrreidij Belgfie, und England. Eio Bericht nn <ien h. LandesiUjichluBa 
des Eitingrt'ich BiilimcD. Vfrn Car! Koristka, Profe^9-:»r am polybechnUchen 
Lanfkjsinstiiut zu Frag* Gotlm, Bcsser, 1S63. 

^ Tecknical and primary education, Circnlar of Lord Stanley to H. M. Eepjie- 
ERotfttiyes abroad, together with their replies. Prcgrntcd to Parliament, 
IjondoTi* Harneon *ind Bone^ IStJS* 8vo, 

See also. Copies of Anewei-B from Chambera of Cnmmerte to Queries ul thw 
T ice-President of the Council m to Technical Education, Parliamentary Papei-fl^ 
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<iENKK\I. ( hlSEIiVATFoNS ON TIIK PoLYTWFFNIC S'^TIOOLS OF THE 

Continent. 

The French ConiniiBsion rciniirk on these as follows : 

roLYTEriixii! Institutes. 
Till' Viirious institutions int«Mi(l«»<l for commercial or industrial edncatiai 
|)ros«^nt, under icl(«ntionl (losijrnMtionR, very fue&t diversities in Germany, 
but the case is difft n'nt witli jK^lvtrchnic establishments, "which, under the 
name of f!f irrrf'S-Zhsh'tnf at l»» rlin, nnd of Polytechnic School or Institute 
in Saxony, Bavaria, Austria, ^Viirt(•nll)e^^r, Switzerland, and the Gnrnd 
Duchy of leaden, arc intended to train Civil Engineers for the services of 
brid^res, roads, mint's, and manufactures, mechanical engineers, mainir 
fact urine: chemists, architects, forest engineers, &c. In all these c^taUiflb- 
ments S(^ientitic instnietion is given in a very high degree, and sometima 
even to an extent su])erior to the requirements and the end to be attained; 
but, everywhere also, the technical branch of this instruction is cultivated 
with the utmost care. The polytechnic institutes are at once schooh 
of theory and of ap]>lication, and present, in this respect, a very grait 
analogy with the Central School of France. 

In all these establishments the pupils enter at seventeen or eighteen 
years of age, and must possess a preparatory education corresponding 
to the six)cial studies they intend to follow. The choice of his branchcB 
of study having l)een^ made by the pupil, the courses he must attend m 
indicat(^d to liim and iKJComo almost everywhere compulsory. However, 
this obligation is not always absolute, and the liberty accorded to the 
pui)ils, of not attending certain scientific courses, has the effect of indndng 
the professors to confine their theoretical instruction within the limits <rf 
what is really useful to those divisions. 

The i)ai*t of the first cx)urses whicli fonns the scientific foundation of the 
technical applications is usually common to several of the special divisioDB 
into which the pupils are separated, and each division likewise receives 
the peculiar instruction required for it. These divisions, more or lea 
numerous according to the country, are in general the following : 

Engineers for bridges and roads. 

Civil Engineers for railways, &c. 

Architects and builders. 

Mechanics. 

Manufacturing chemists. 
Mining Engineers. 
Forest Engineers. 

All the institutes do not comprise the same number of divisions, but the 
first four or five are almost universally adopted, if there be no special 
establishment to replace them. 

The peculiar arrangement and gradation of the studies nearly always 
possess a remarkable feature, which is that the first part of the studies of 
each special division, which requires one or two years, is so regulated that 
it constitutes a body of knowledge suflBciently complete to allow a yonng 
man to break off there and enter advantageously on the second-rate posi- 
tions in the career he has chosen. After accomplishing this first ]>art of the 
studies, a pupil may become an able assistant engineer of roads and bridges, 
or of civil architecture (Werkmeister), a builder (Datmeuter)^ overlooker or 
head mechanician, a dispensing chemist, or foreiLan of chemical works, a 
head miner, a mining overseer, a forest agent, &c. In more than one state, 
pupils are even required, after reaching this first stage of technical in- 
struction, to pass a year or two in building yards, workshops, or factories. 
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Htfsre going through the rest of their studies. This practice, which pre- 
Hps the inconvenieueti of interrupting the studies and exposing many 
wapila to the danger of forgetting a ixirt of them, has^ on the ottjer 
fcand, the advantiige of maturing thtsir minds hy practice, of ehowiug 
teiem the applications of science, and of not leading to higher studies 
fepy hut those who really have a Yocation for them. It is, however, 
fcracticable only under the system of out- door pupils, wliiizh is uuiyersal 
Eel Germany, and for pursuits in which there is no limit of age. 

m Obs^rvtdiQns on th^ Extmd to which ths Theoretical Studies art csirrUfL 

K We have stated above that the mathematical studies in these institutes 
mm of a high order. It is, however, right to remark that those which 
Eorrespond to tlie first perioti we have just indicated, f*re nearly everywhere 
fcnore elementary, and conscfiuently accatssible to ];fupils who only aspire to 
tecond-rate positions iu each special or technical branch. Eut the case is 
IreTy different for the last years of study, and, though we entertain the 
i&tmost respect for the learning and zeal of the professors, we feel bound to 
■state that generally, in these establishments, a grf^ter range than ne^:ossary 
ps given to the use of pure mathematics. The programmes too often 
Icon tain lessons devoted to the doctrine of probabilities and to the calculus 
lof variations, which the pupils will certainly never have to use, and which 
Mbsorb valuable time. The use of the dificrentia] and the integral calculus 
Rb also c^ed too far. In fact, though it may be good and useful that an 
fengineer should be familiar with the theory of the methods of the calcnlns, 
pt is not equally necessary to pursue the study to such an extent in order 
Ro teach the apphed sciences, winch can l)e explained quite as accurately 
Iby elementary methods more easy to understajid. It is more than probable 
Bhat this extreme attention to refined mathematical theory prevents a good 
Enany pupils from completing, as they might have desired, the full course 
^of technical studies. It would donlitless be more judicious to reserve far a 
special division, which is not compulsory, and is devoted cxehisively to 
scientific studios, all theye higher sid>iects, which would then be addressed 
to young men preparing to become teachers. At the Zurich Polytechnic 
School, there is a division of this kind, to which are adniittetl, either as 
students or free auditors, all who desire to follow the scientific eouTses 
properly so called, and iu this division lectures are also given on almost 
©very branch of human knowledge. 

Notwithstanding these reflections, wdiich are especially dictated by the 
interest and esteem inspired by these estftblishments, it is only fair to 
acknowledge that this high order of iui^truction, carried on at the great 
nnnaber of polytechnic institutes founded in Germany within the last 
thirty years, has powerfully contributed to the development of a taste for 
profonnd scientifie studies, and for the applications of science to all 
branches of the public service and to industry. We had been made aware 
of this progress some years before, by the remarkable publications which 
appeared beyond the Rhine on all tbese qnestions, and what we have seen 
has only confii'mcd the inferences we had drawn from an ersamination of 
the works mentioned. In this respect, Germany appears to us to have 
made, as regards the difiusiou of the sciences, and particulai-ly their appli- 
cation to the reqturements of public works, arts, and industry, far more rapid 
progress than England ; ami it is important that France should seriously 
consider this matter, for the day is, perhaps, not far distant when Germany, 
joining to the low price of lal>Qur and to the frugal habits of its inhabitant^i 
all the resources of science, will become for our industry a rival as fonnid- 
aWo the one which, on the other shore of the channel, has hitherto most 
occupied our attention. 
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Study of applied Science. 

In all the polytechnic institntes that we visited, the ajmlications of flie 
sciences are taught to the pupils not onl^ by lessans, but by detnfed 
and progressive studios wliich tliey are obliged to make of all the ports <tf 
tho art or of the services for which they ore destined. The T^ ghwwit , 
architoctK, and mechanicians study and reproduce by drawings am jto 
all tho details of construction, from tho most elementary to the woA 
difficult and most complicated. All the ports of the plans mnst be calea- 
latcfl according to tho rules of science ana art. 

Tho puf)ilH, it is true, mako very free use of works such as the hand- 
l)ooks published by eminent professors, as M. Weisbach and M. Bedten- 
boch, but they must nevertheless have understood the principles on wh^ 
tho rules given by those learned authors are based. 

Chemical Laboratories and Collections. 

Tho clicmical classes have at thoir disposal extensive and weU-organized 
laboratories, in which the pupils aix) allowed, on payment of a veiy 
m(Klerate fee, to ix3rform manipulations, and thus join practice to theory. 
Numerous collections of instruments, models, minerals, and technologyi 
and also libraiios supplied with aU the new publioatianSy complete tk 
moans of instruction. 

General Arrangements. 

Everywhere the halls ore large, well-lighted, and space is not spared. 
Most of these institutes are of recent foundation, and the boildings have 
quite a monumental character. The rivaby of the different States has had 
something to do with this prc^ess ; it has led each of them to found at 
least one of this kind of establishments, and to make considerable saczifioeB 
to ensure its success. Such a friendly rivalry we would fain see arne 
between our great manufacturing centres, as it would in a short timei 
without being very burdensome to the State, endow the country with the 
instruction so much needed to enable our industry to hold its own in 
the increasingly arduous struggle with foreigners. 



Distribution of the Polytechnic Institutes. 

These establishments, which resemble the Polytechnic Sdhool and 
Central School of France, are distributed through the different 
of Germany as follows : 



Names of States. 



Austria . 
Prussia . . 
Bavaria . . 
Wiirtemberg 
Saxony . . 
Baden . . 



Number 
of 

Institntes. 


Number of Inhabitants to each 
institute. 


Per i^te. 


Meaa. 


5 
1 

I 1 
1 
1 
1 


7,400.000 
17,000,000 
4,615,648 
1,788,967 
2,23.1,240 
1,359,291 


.5,500,000 



The ^eat inequalities between tho numbers of inhabitants to one poly- 
technic institute need occasion no surprise, since, apart from all considera- 
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n of jjopnjation, eaoh State Las seen the propriety of itself providing for 
Jiihe intellectual wants of its population. The niunber of inhabitants 
wMch, for all Grermany, corresponds to an institute of tbia Mnd is 
6»600,OCK), whilst in France we liave only two analogous institutioiia for 
S7|382,225 juhahitanta, or one for 18,G91|G00 mbabitants. Evidently tbo 
whole of the Grermon States have made, for the difiuKiou of the phydcal 
bnd mathematical eciences, as well as for their application to the public 
eerviees and to industry, very considerable sacrificetj, which cannot fail to 
produce great effects on the progress both of science and of industry. 

General Influence on the Frogrm of JScknce, 

Though we have felt bound to critidze tbe high reading of certain 
brmiL'lies of mathematical it is none the less true that the great uumlier of 
chairs of>en to distingnislied men of scieneo, and the emulation engendered 
by tbe rivaky of these estat)li8hnientE;, which dispute the honour of pos- 
sessing the most illustrious professoi-B, must direct many superior minds 
to gcieutiiic studies. Our most celebrated geometricians of the Academy 
of Sciences are aware of this ; and, for some years past, they liave been 
struck with the great scientific movement observed in Germany^ as we have 
ourselves l>een by the progress made in teaching the applied sciences* 
We think that in respect to both these points there is a moveraent taking 
place in Germany to which France ought to pay serious attention. 

M. Koristika, in his Keport, also remarks at some length on the 
general constitution of the Polyteehnio Schools. 

They are, he saya, children of our own time. They originally 
comprised the whole circle of technical aiibjects which every student 
wai* obliged to follow; but, as induetiy^ and industrial science 
extended, they were comptilled, while retaining the general acientific 
instruction in common, to divide off the practical instruction into 
dMbrent technical branches* leaving the pupil to follow which of 
them he pleased according to hia proposed destmation. Thus 
arose the separate technical divisions now adopted in the ScLoois- 

Butj as almoBt all the technical branches^ have some connection 
with each other, it was found desirable to give the pupil in any 
special department some insight into the general nature of all the 
others, and so arose the cncyclopBedical lectures on the most 
important practical points of the various branches generally. 

"Thus/' says Koriatka, "the present organi^iation of the 
Polytechnic Schools may be summed up in a few words* They 
contain 

L A geneml department of one or two classeSj intended for all 
pupils in common. 

* ' 2, Four special departments for the four chief technical objects : 

Constructive Engineerings 
Architecturej 
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in each of which the particalar object is treated of thoroughly in 
seyeral special courses, and the others more snperficially in a 
general or encyclopaedical course.'* 



The information relating to the different countries is arranged 
in tho following order : 

France. 

Belgium. 

HolWd. 

Sweden. 

Bussia. 

North Germany — 

Prussia. 

Hanover. 

Bmnswick. 

Baden. 

Wurfcemberg. 

Saxony. 
South Germany — 

Bavaria. 

Bohemia. 

Austria. 
Eoumania. 
Switzerland. 
Italy. 
Spain. 
America — 

United Stated. 

Canada. 
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The information obtained directly by the Council of the Insti- 
tution, as to Engineering ediicatioDj and the status of the Engi- 
neering profession generally, in France, is very copiona and com- 
plete. Answers to their inquiries^ some at great length, have been 
communicated from no less than seven independent quarters, the 
writers being all authorities of eminence, as will be seen by the 
following list of their names and official positions : — 

1. Greneral Morin, Member of the Institutes Director of 
the Conservatoire Imptiriale des Arts et Metiers. 

2. M. Grruiier, Inspector of the Ecole Impcriale dea Mines, 

3. M. Combea, Dkecfcor of the same establishment, 

4* M, Schwebele, Librarian of the Ecole Imperiale des Pouts 
et Chaussees. 

5. BL Eugene Fkehat, Civil Engineer of eminence, Honorary 
President of the Institute of Civil Engineers of Fmnce. 

6» M. Wilhehn Nordliug, of the Chemiu de Fer d'Orleans. 

7i Mr. W. B. Buddicom, an eminent English engineer^ long 
established and practising in France, 

Although these several eommtmic^tious necessaiily contain some 
repetitions, yet from the great eminence of the Authors, and on 
account of the different points of view from which they iiave 
regarded the subject, as weU as in SM^knowledgment of the 
trouble they have taken to give the required information, it has 
been thought expedient to give the papers entire* 

This course is the more desirable because it is in France that the 
theoretical education of the Engineer has been carried out to the 
fai'thest extent, in the fullest detail, and with the most careful con- 
sideration* France has, indeed, in this particular, been taken as 
the example for the Contiuent generally, most of the educiitional 
systems of other European nations bemg based, more or leas, on 
the French model. Hence the ample discussion, under varied 
points of view, of the nature and effect of the French Institutions 
ia of pecixliar interest and importance in the general inquiry. 

The communications referred to will now follow in the order 
naaned : they have all been translated from the French, except that 
of Mr* Buddicom, 
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I. 

Letter from General Morin, Member op the Institute, and 
Director op the Conservatoire Imperials des Arts bt 

METIERS. 

To Mr. James Forrest, 
Secretary, &c. 

Paris, 31st July, 1868. 

Sir, 

In yonr letter of the 7th inst., you have asked me to famish 
to the Institution of Civil En^eers some informatioii on the 
subject of technical education in France. 
I have the honour to send you, by post — 

I. A note published by me, in conjunction with M. Tresca, 
" Sur Torganization de TEnseignement industriel."^ 

II. My report, " Sur Torganization de I'Enseignement industriel 
en AUemagne et en Suisse."^ 

III. " Kapport de la Commission de TEnseignement technique," 
with various notes.^ 

These documents will, in some degree, answer your inquiries ; 
but I will add some supplementary observations in the order 
followed in your questions. 

First, nearly all the Civil Engineers of this country are educated 
at the " Ecole Centrale des Arts et Manufactures." The Engineers 
of Mines, of the Fonts et Ghaussees, and of the Constructions 
Navales, come originally from the Ecole PolytechniquCj and receive 
their professional instruction in special schools. 

Second, the Ecole Centrale at present belongs to the State, 
but it is carried on by its own resources, which suffice for all its 
requirements. 

Third, the accompanying programmes of the studies, and of 
the conitions of admission to the Ecole Centrale, will answer your 
third question. 

Fourth, there are no text books compulsorily made use of in the 
different schools; the professors, for the most part, publish the 
autographs of their courses. 

Fifth, the diplomas are given in the name of the State. 

Sixth, very few Engineers receive their training in offices or 
manufactories, and these seldom inspire the same confidence as the 
others. 

Seventh, practical knowledge is, in general, only obtained by the 
Engineer after he has obtamed his diploma, and according to the 
various functions he has occasion to discharge. 



* See page 70. All those works are lii the Library of the Inst. C.E. 
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Eigbtk, the aceompoDTiiig documents will, aa &r as poesiMe, 
answer your eighth qnestioiL 

M. Tresca, to whom yon haTe addressed this earn© inqiniry, 
request® jon will coBsider this answer as the only one he himself 
e-omd furnish. 

Ifj on any giren pointy you require further details, we shall 
have pleasure in procuring them for you. 

Eaceive, Sir, &c., &c.j 

(Signed) A. Mobin. 

II, 

COMMUNIOATIOK FROM M. (xEHNEE, InSPECTOE OF THE IlIPEKIAL 

School of IIines. 



Amwers io ilie Quesimis 2>roposed hj the Imttiutim qf Civil 
Engineers of Londmu 



I, System of Edttcation followed in France Foit tieaikino 
CmL Engineeus, 

The title of Eugiocer is not, in France, an ot^icial title, con- 
ferred by a diploma or brevet. The tii'st comer may aissume this 
titk% in the same manner m the first comer may assume the title 
of Professor. For this it is not necessary to jmsis any fixed routine 
of School Giaaninations or practical testa* But although a person 
may become an Engineer without passing through any special 
Bchool, nevertheless the greater number of French Enginems come 
£rom the following Schools : — 

1. The Ecole Polytechniqne ; with the Ecole dee MincSjand 
the Ecole des Fonts et Chaussces ; which may bo considered 
as annexed thereto, 

2. The Ecole Centrale des Arts et Manufactui^es, 

3. The Ecole doa Mineui-g at St. Etienne, 
4 The Ecx>le des Arts et Metiers at Chalons, Aix^ and 

Angei^; and the Ecole des Mattres-Ouvriers-Mineurs at 
Alais. 

5. The Ecoles Induatrielles at Molhouse^ LyonSj Lille, See* 

All these ^tabhshments, except those in No, 5^ are under the 
direction of the State. In the greater part of them the imtruction 
18 gratuitoTis. The Ecole Centrale fonns the sole exception, 
bc<mu3e it was originally founded by a private association, and only 
eame into the possession of the State Bome years ago. 

Young men who desLt^e to enter one of the Special Schools above 
named, have to undergo, as a preUminai:^ tjtisafe, a ^T\Ka ^ (;to\a^\- 
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tivo oxnminations (concours), preparing themselyes in the varions 
jmWic primary or secondary schools (coU^ies, Lyoees, or private 
institutions) which exist in all French cities. 

1 . The fjcole Polytechnique, and the iScde des Fonts et Cliaussees, 
and tlis Eccle des Mines. 

Tho most important examination is that imposed on the candi- 
(lat4\^ for tho fioole Polytechnique. The pro^^rammes of admission 
nnd of tho course of instruction will be found in the acGompanyisg 
works.' 

Ahlunigh tlio Polytechnic School depends on the department of 
the Minister of War, and is especially the nursery of the Corps 
of the (n^'nio (Militjuy Engineers) and of the Artillery, it is not a 
military sdiool. Tho studies there are purely scientific ; they em- 
braco the higher mathematics, mechanics, physics, chemistry, 
giHxh>sy, astronomy, &c. By these general studies, the students 
art^ pn^parod for tho special studies pursued afterwards in the 
" Si*luH»ls of Applicjition." These are, for the Grenie and the Artil- 
lovy, R'H)lo Militaire at Metz ; for Civil Engineers, the Ecole 
div Minos and tho Ecole des Fonts et Chaussees in Paris. The two 
lattor alono liave to he treated of here. 

Thf^HO t wo Si»hools depend on the department of the Minister of 
Tuhlio Wt^rks ; having been specially founded with a view to the 
HorviiH^ of this doimrtmont. In them are formed the Ingenieursdes 
Minortaiul tlio Iiigomours des Fonts et Chaussees, who remain in 
till* Ht^rvioo of tho Staito. It must be added, however, that these 
\\\K\ SiOuKils, ]vjirtio\iIarly the School of Mines, receive also other 
piipilK, tuitiv«^ of Franco or foreigners, who study there with a 
viow U\ privnto prwoUoo* These latter receive, on leaving the 
HoJmh4» and itftor having rnssed severe examinations, Brevets or 
hiplouum Nvhioh (^n tify to tho knowledge acquired. 

KuMtuiontii givitig u\o i>articulars of the regime of these Schools 
«iHMMU|M*u)* Pa|H>r. 

Aim^^a ^vith tho title **Oours Preparatoires," on the 

laiiKu oi of whioh w fow wtmln of oxplanation are necessary. 

iHiuirtr a ol* t»f tl^o RiHm> dt\M Mines assume the pupil to 
lu» ih juwutiwium of tlio kui^wliHlgi^ to bo ivcquired at the Ecole 
I'olYtnohuiijuti; lait tho umjiM'ity of tho vomig men who study at 
IhwHohoiil of Miura {\\\ not tnvluo fixnu tho EcH)le Polytechnique; 
and luMuuj it han U^uu iioiu^irv to inatituto for them a "prepara- 
tory " iMaiidu of atuily, (uuujuiamg tho most essential parts of that 
followtul ut thu l\4ytoohiuu BohinJ. 

' \'uh it\fra. 



' 2. Ecole Cenfrah-. 

The Ecole &ntnile w.i8 fonntM, about 1830, by an asaociatioii 
f mmm (HM. Duraas, PerJomiet and oihCTs), without any eon- 
eetion with the State, It remamed so for tliirty yt^am, and hm 
Tgelj contributed by its piipilg to industrial development in 
ranee. Since 186!.^ this School has been acqnired by the State, 
ad it is now assimilated to the Special Schook, placed under the 
direction of the Minister of PuhUc Works. 

The essential object of the Ecole Ct ntrale is to train Engineers 
for private indn^stry. 

The ingtmction is very yariel, hut comprises specially all which 
has to do with the Chemical Arts^ and the AitB of Construction. 
A large number of mijnufectories and of industrial establishment 
are now managed by former pupils of this School. 

The conditions of admission, the plan of the studies^ the form of 
the diplonma, &c., are given ia the acoompaEying docnmenta. 

3. Hcde des Mineurs de St. Mienm. 

This School wa^ fi^nnded in 1818, in substitntion for the Ecole 
Pratiqne des Mines, at Geialautem (Rhenish Bavaria), Its special 
object is to train Engineers as directors of Mines and Iron Works. 
The instruction is more elementally and more practical than at the 
Ecole des Mine« at Paris. The majority of Engineers who nnder- 
take the management of the Coal Minos in France, come from the 
School of St. EEienne. 

Documents respecting it are enclosed 

4. iSfeofe dcB Arts d Mifiers. — Ecoh d^Alais. 

Th^ special object of these Schools is to train foremen or work- 
ing managers (eontre-maUre$) for Factories, Workshops of Con- 
strEctionj and Mines, The majority of French locomotive engine 
driveiBj and many of the foremen in the French machine shops and 
iron works, come from these Schools — -the most distinguished of 
tbf>m have even become Engineers or managers of iron works* 

The instmction in these Schools is more practical than theoreti- 
cal. At Alais the pupils work in the mines, as workmen, for half 
the year. 

^ In the Schools at Chalons, Aix, and Angers, the pupils are ex- 
■ atcised at tie practical works of forging, lathe-work, fitting, wood- 
^ ivork, Ac- 
See the documents relating to these Scbools. 
In Paris, tlie pfi!>lic conrscs of tlie Consexvatoire des Arts et 
Metiers are also specially intended for the cla^s of foremen or head 
workmen of the manufactories of the capital These courses are 
public and ^gratuitous. Programmes are ^vett. 
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5. ^coles IndvMrielles at Mulhouse, Lyons, and LiHe, 

These have been founded by the mnnicipalities, with the spon- 
taneous assistance of the chief manufacturers of the cities. Each 
of these schools has specially in view the particular industry of the 
city where it is estabushed. 

toie most important of these schools is that of Mulhausen, where 
both Chemists and Engineers are trained. At Lyons and Lille they 
are rather superior primary schools for the chaldren of workmen 
and foremen. 

Explanatory documents are annexed, 

II. — Books used m the Schools mentionbd. 

In general the courses of instruction are in no wise based upon 
books. In some establishments the professors cause to be written 
out, for the pupils, the resume of their lectures ; but this measure 
is not general, and is never obUgatory. This system is not fol- 
lowed either at the Ecole des Mines at Paris, or at the Ecole des 
Mineurs at St. Etienne ; but it is practised, at least partially, at 
the Ecole Polytechnique and at the Ecole Centrale. Several pro- 
fessors have published works on the matters which they teach, 
but these are very seldom a reproduction of the courses them- 
selves. 

III. — As TO THE SYSTEM OF APPKENTICESHIP. 

There is nothing in France resembUng the pupilage of English 
Engineers, except m the ofBces of architects. 

The yoimg men, when they leave the schools, learn the practical 
part of their profession by being attached, for one or two years, to 
some important industrial enterprise, as supernumeraries, draughts- 
men, or sub-engineers. In the two latter capacities they receive 
pay ; but as volunteers they are simply admitted into the workshops 
withoufc remuneration. But in no case is there demanded from them 
any apprenticeship fee. 



As above explained, the schools deliver, after examination, 
brevets, or diplomas; but many persons assume, in France, the 
titles of Engineer, Civil Engineer, or Professor, without ever 
having gone through any special tests. The law gives no prescrip- 
tion on the question. 

(Signed) L. Gruner, 

Inspector of the Ecole des Mines. 

Paris, 29th July, 1868. 
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FoiiLOwma Notes aee added to M. Ghunee'b ooMMtTNiOA- 
TioN, BT M. Combes, ms collabokateitb, Dieectoh of the 
EooLE DEs Mines. 

The Ecole Polyteehnique is, in reahty, as TuL Gruner says, a 
School of the Mathematical Sciences, and not a School of Engineera- 
The prograiomes of study there are essentially the same as those 
of the division of aoienees in the superior normal schooL It is 
fonnd that, almost every year, many young men who have come ont 
of the school in the first ranks, imd have been dassed for the 
service of the Mines, or that of the Fonts et Chanssees, have 
abandoned these careers, in order to follow that of teaching, in the 
Lycees, the fi^ctiltias of Seiencea, or in the Ecole Polytechmqne 
itself. 

The attempts made, some years ago, to impress on the studies 
of the Ecole Poiytechnique a character less exclusively abstract^ and 
approaching more nearly to practical ideas, have not been aucc^sful. 
The level of the general inBtmetion has teen lowered, while the 
pupils have not acquired any important or exact knowledge of a 
practical nature* They evinced, morcoverj but little ta&te for this 
new kind of study, to which neither the professors nor they them- 
selves could devote the necessary time. This therefore has been 
abandoned. 

The pupils of the Ecolo Polyt^ehnique are hoarded and lodged 
in the establishment. About 120 to 150 are admitted per annum, 
out of a mimbcr more than sextuple of candidates who present 
themselves. Five-sixths of these thcrefom find themselves excluded 
ator three yejirs of special study, at the end of numerous examina- 
tions which fatigiie them extremely^ and which^ after all, in spite of 
talent and tiie conscientious impartiaJity of the examiners, only 
^^ve a donlytful decision between those who are at the end of the 
accepted list, and tlioso excluded. 

The Corpa of Ingmiimrs de tEiat ; of Mines, Ponts et 
Chauasees, and the Genie Maritime (naval constmctious), are ex- 

telnsively recruited from the students of the Ecole Polytechmqne. 
To each of theses three services corresponds an Ecole d'Applieation, 
pituated in Paris* In these the stiiJent Engineer^! pcu^s three years ; 
they arc not Ixiarded or lodgetl, but receive from tlie State a 
moderate allowance of 1,800 francs (ii72) per annum. The in- 
stniction has for its olgect in each school tbe ajjphcations of the 
physico-mathematical sciences to tbe special constTUctions of mines, 
roada and bridges, sliijts, mEwrhines, vte. ; and the branches of the 
natural sciences wbich have Ui do with the furjctions of the special 
Engineers. At the Ecole des Mines, for example, analytical 
chemistry, mineralogy, geology, palasontology. The students 
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acrciuire priirlipal imfemetioa in the kboratorie*? of the estabHshmen 
on workn out of ilooi^, and by travelling in France aud abroad, 
exi>enst'a of which are definyed^ at least in part, by tbe State, 

Along \vitb the Elevca Inge'nienra there are ako admitt^ 
the Ea^ie des Mines, and to the Eeole dea Fonts et ChauBsaeSi & 
certain nnml>er of home and foreign pupils, called Meves exterm* 
These participate in tlie same sindiea and exercises as the Eleves 
"ngdnieurs; they compete among themselves, and receive, on 
&?mg, a diploma or certificate. They pay no leea. The nnmte 
of Elcves externes admitted to the School of Mine^^ after compel 
tion, k from twenty-five to tliirty annnally. 

The Eeole d'Applieation du Genie Maritime receives also stndents 
anthorised to follow the course, 

(Signed) C^. Combeb, 

Director of the Ecole dea Minea 

11th August, 1868, 

IV. 

Letter FnoM M. SrawEEEL^, Libearian of the Ecom deb 

PONTS ET ChACTSS^EB, 

ii<K)le Imperiale dea Ponts et Cliau^JSf-eK. 

PftTia, Mth July, 186a 

Deah Seb, 

I am highly honoured in being asked for a memorandmn 
on the organization of the general system that obtains in France 
for the education of Enr^ineers, I am free to avow that the ques- 
tion IB a very delicate one, I Bhall^ withal, do my best to give yon 
as exact an idea as possible of that which is known in Fiancee 
the instruction of an Engineer, 

As you are doubtless aware, the Engineers intruBted 
civil constructions are divided into two very distinct bodies ; 

1, Government Engineers ; Corps des Ponts, CorpB dee Mines* 

2, Civil Engineers. 

The Engineers to whom the State confides the execution of ite 
works are chosen exclusively from among t!ie pupils leaving the 
Ecole Polytechniqne. These pupils, after a stay of three years at 
the Ecole des Fonts et Chanssees or des Mines, arc appointed En- 
gineers of the Corps des PontB et Chaussees or des Mines, These 
bodieSjOf which more hereafter, are organized hy virtue of imperial 
decrees, and form a part of the Government establishment in 
France. 

The Civil Engineers, on the contrary, are entirely free from the 
control of the Govemmcnt. They are educated either by entering 
at the Ecole Centrale, or by attending the different public courses, 
notably those of the Ecole dea Fonts et Chausseea, 
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This class hBB no officiiil statas {earacfere), and is neTer called tipon 
take charge of Grovermnent worka. The majority of the* yomjg 
Sngineara who choose this branch of the profession are employal 
the rmlway compatiies, in feretories, or in industrial capacities. 
As yon will perceive, we are now considering the two classes 
Engineers which coDstituie nearly all those in France whose 
Ivocationa connect them with pubiic works* 

The question is^ therefore, what are the results of these two 
of general iuKtmction ? Be it my task to enable yon to 
^-ppreciate the ¥alue of eacL 

In a general way, the Engineers of the Corps des Fonts at 
3haussees de France are aubjected to the routine which I shall now 
proceed to indicate. 

1, Complete courses of study in the 'Lycees' of the empire, 
or the results of which seejrogramnie No, 1, 

2, Admission into the ficole Polytedmiqne, after examination 
the subjects in programme No, 2. 

3. Drafting of the popils, for two years, to the Ecole Poly- 
lique, where the subjects taught are those in programme No, 3, 

4. Oat of 150 pupils the first 20 enter the Emle dea Fonts et 
Jhaussees, where they pass three years, and are again subjected to 
Qumerouia examinatious. See programme No< 4, 

On leaTing the Ecole des* Fonts et Cliausseea the jpupO will 
probably be twenty-three or twenty-four years old, Tiim, after 
classificatioUj he is appointed third-class Engineer, and attached to 
^ some departmental service under the orders of a Chief Engineer, 
Mhimsalf a pst pupil of the College, 

W Yon will obaerre that by these means all the Engineers 
eveotnally arrive at one common standard, with a professional edu- 
cation at once solid, profoimd (serituse), and, above all, unifonn. 
There results from tins a considerable esprit de gotj^s, which may 
doubtless have its drawbacks, but which has also great advantages, 
resulting in the conscientious discharge of the duties, and tending 
to the honour of the Corps des Fonts et Chauasees, 

It is not easy to enter into the details of the education of our 
young men. It will, I think, Buffioe to direct your attention to 
the several programmes numbered 1 to 4, The successive exami- 
nation of theae progi-ammes will put cle^irly before you the chain 
of acquirements which our pupils are expected to possess before 
leaving the fioole des Fonts, 

Touching the iuBtruction peculiar to the Ecole des Fonts et 
. Chanasees, it is divided into three parts : 

. Common lessons in the amphitheatre, 
. The preparation of designs {redactions de projets) and che* 
mical manipulation, 

"scursions in fine weather to the works of the department, 

u 



It would require time to detail all these operatioTis. I t 
that an examination of the programmes 4, 5, and 6, wSl he m 
cient to enable you to form an opinion on onr system of internal 
inBtmction, 

In order that yon may consider the whole of onr system of 
pnbhc works, I have iiichided in my parcel the pamphlet No. 7, 
compiisiiig the decree of the 13th October, 1851, on the organiza- 
tion of the Corps dea Fonts et Chaussees. No. 8 relates to the 
oflBcial adminifitration of the Ecole des Fonts et Chausseee. In 
document No. 9 will be found all the details of the internal work- 
ing of the school, of the classification, the discipline observed. &c. 

I think it well to inform you that side by ride with onr pupils, 
already requited by the State, may be found young men who besr 
the title of * external pupils ' (elhes ea^ierties), and who fulfil tlie 
game conditions of study as the pupil engineers (Sletm in^enieuriji 
These external pupils receive^ at the expiry of a term of three yearfl? 
a diploma of * past pnpil' of the school (armen eleve de f ecole). 
The pamphlet No. 10 will show the conditions upon which these 
young men are received into the ischooL 

Yon possess, now, all the elements necessary to undersfaad 
onr school in its essential details. I am at your service for infor- 
mation regarding thpir practinal development. It ia not possible 
for me to foretell this in advance. 

Thus far we have only considered' the course of study of the 
Ecole des Pouts et Chaussees, that is to say, the instruction given 
to Government Enj^neers. It remains to give you a general idea 
of the system of instruction for Civil Engineers practising privately. 

In Prance the majority of these are educated at the Ecole 
Centrale des Arts et Manufacture. This school, eetabUshed by 
Ferdonnet, is now managed by the State. The fee paid for 
studying is £32 (^^00 fira.) per annum. 

From what yon wrote, I nnderstand that yon have forwarded 
to all the schools or institutions in France a duplicate of the cir- 
cular which you did me the honour to address to me ; I do not, 
therefore, consider it necessary to enter fully into the details of the 
Ecole Centrale. Suffice it to give you a few succinct explanation?, 
sneh as will enable yon to appreciate the difference between the 
two schools. 

In principle the Ecole Centrale renders very valuable services 
to further the end which it proposes to attain. The young men 
who are destined for this school, founded upon the system which is 
called in France ^ Special Instruction,' enter it, for the most part, 
with very fair acquirements, but without any uniformity. TIue 
want of uniformity in the preparatory instruction of the pupils 
presents very grave inconveniences ; and I must avow that it is the 
principal point that needs reform. 
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AjFter three years m the Ecole Centmle the piipLla leave with 
B diploma or certiiicate^ the one relating to constrvctions, the other 
machinery. 

Practically, the studies at the Ecole Centrale are very good ; 
theoretically^ they lack a solid (BSrimm) fonndation. This want of 
Itaais results, as I had the honour to observe hefore, from the want 
f xmiformity in the prehminary instruction of the pupils. The 
coiiBequenee is, that the position of the Govemment Engineers is 
far suprior to that of their unofficial hrethren. All the higher 
scientific offices are generally occupied by past pupils of the Ecole 
Polyteehniqnej be it as Professor, Member of the Institute, &c. 
It but rarely happens that a Civil Engmeer gains an elevated posi- 
tion LQ a scientific point of view. I would add, to give greater 
value to my assertionj that many of the professors of the Ecole 
Centrale are chosen from the past pupils of the Ecole Polytecli- 
aiqne, 

Itindly note, Sir, that on this subject my opinion is perlectly 
xmbiafised. I have no reason to be animated by what may bo called 
the mprU de corpSj quite on the contrary, I am not an engineer, 
and my only desire m to make known to you the truth. Tou nmy 
therefore consider that what I have had the honour to tell you is 
the true reflection of public opinion on the two categones of 
^ engineers* 

■ I have abstained from speaking of the Military Engineers. 
W These Engineers are called in France the ' Corps du Genie/ The 
officers of this corps also come from the Ecole Polytechnique, and 
1^ they finish thefr studies at the Ecole de Metz, You have, more- 
W over, a sunilar body in England. In France the officers of the 
^ Genie' have nothing to do with public works, being exclusively 
charged with the construction of works incidental to the military 
art, such as barracks, hospitals, fortifications, &c. 

I believe that I have now replied to nearly all the questions 
contained in your programme. Should it be otherwisej I am alto- 
gether at yoin- disposal. Write to me, and kindly indicate pre- 
cisely those points which seem to yon to need explanation. 

Be pleased to receive the assurance of my very devottid senti- 
ments. 

(Signed) Ed. Schwebel^, 

Lfhrarian of the Ecole. 

28 Rue dee Sainte P^res, 
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V. 

The foIlowiBg is by Flachat, the emment Gvil Engineer* 

On the GE>rEEAL SrslEM OF pROFESBrONAL EDUCATION FOE 

Engikekrb in Feance (excluding the Military Branch of the 
rofe^ion). 

Intervention and patronage of (he Government Preparai^ 
Studies, Profemimuil Schools for Engineers. Frogrammes of 
Adfn>issim. Diplomas. Praciice of ike Profession, Hb f uiun 
frmpech, Paris taken hy the Government and 6^ private en( 
prise ifi the encouragement of tJie Profession of Engineering, 

Down to 1h30, when the Ecole Centrale dee Arts et Manufsfr 
tures was founded, the eole instruction for the engineering pro- 
fesaion was given, in the Ecole des Fonts et Chauasees and the 
Ecole des Mines, to a certain number of piipils coming from the 
Ecole Polytechnique (Note A). This school, founded in 1794 nnder 
the name of the Ecole Centrale des Travaux PubKce, was at first 
intended to train Engineers, but the military activity of that time 
soon led fo a departure from that course, and for a long time ite 
principal destination was to prepare pupils for the special instruc- 
tion they were to receive in the two schools of the Genie and the 
Artillery at Metz. But the administrative constitution of France, 
founded under the Empire, assigned to the State, either as ^ 
matter of constmction or controlj the execution and the manage- 
ment of the various public works affecting the internal communica- 
tions of the country (Note B), the working of mines, the STiperin- 
tendeuee of vehicles of all kinds, of steam-lx)ata and steam-engines, 
the regtdafeion of streams serving as motive powers for manufac- 
tories, and the establishment of manufactories themselves ; in a 
word, not only all which in our modem society is of common use, 
either gratuitous or otherwise, but also the control of industry in 
general. In order to fulfil these imjK>rtant functions, it was neces- 
sary to have agents possessing technical instruction of the highest 
kmd; this was a condition of the general interference of the 
Government in the industrial affairs of the country. 

The Ecole des Ponta et Chauss^es and the Ecole des Mines 
(Note C) were then founded, their students being chosen from the 
most meritorious pupils of the Ecole Polytechnique. Having 
become, at the time of leaving, agents of the Government, these 
fimetionaries soon acquired an elevated rank in the adminiatration, 
by the prestige due to their instruction and to an ardent and 
exclusive esprit de corpSf which has preserved them from in- 
fluences thatj under various re^ifn^s, have lowered, in public estima- 
tion, the moral level of other branches of the public adminis- 
tration. 



From 1800 to 1825 there were, in France, no other Engioeejs 
than those who came from the two aboye-named schools dependent 
on the adminiatrntion. The profession of the Civil Engineer was 
neither recognized nor exercised. It did not exist in private 
industry, and the interference in the works of the State oi indi- 
viduals trained elsewhere than in the State schools wotdd not have 
been possible, as these works belonged absolutely to the active 
domain of the State, 

The hierarchical orgaai^ation of the official Engineers was as 
follows : — 

1 . In the first rank came the Inspectors, general and divisional, 
forming the General Cotmcil, and divided into special sections. 
These functionaries were charged individually with iaspections 
over districts occupied by several sections of Engineers in chief, 
among whom the country was divided, 

2. The Engineers in chief of the first or second class, 

3. The ordinary Engineers of the first, second, or third class. 

The ordinary Engineers of tiie iMrd class were first called 
'aspirants;' then 'eleves,' during the period of their gradation, 
which was three years, and ivhich was replaced by missions in the 
course of the studies. 

The promotion of the Engineers is by selectioQ or by seniority, 
according to certain rules. 

The duration of the instruction at the Ecole Polytechnique is 
two years, that of the special instruction at the Eeoles des Pouts 
et Chauss^es et des Mines is three years. These three years com- 
prise eighteen mouths of mifisions on works. 

The preparatory instruction given at the Ecole Polytechnique 
has comprised, from its foundation, the mathematical sciences, 
drawing, physics, chemistry, mechanics, hydraulics, &c,, as weU 
as the general sciences, astronomy and geology. The pure science 
acquired in this school exceeded theo, and exceeds much more 
now, the notions neceasary for the special schools of Fonts et 
Chausaees and of Mines (Note D). But far from being disadvan- 
tageous, this was the germ of an intellectual development, most 
rapid and moit elevated, for the choicest scholars, and to this must 
be attributed the large number of savmU who have come from this 
school. 

The admission to the Polytechnic School is by public competition, 
and to this liberal and democratic measure, as weU as to the scientific 
success of some pupils, is due the popularity the school has enjoyed 
firom the time of its foundatiou. 

The i3aGhelor*s degree in Science or Literature {Baccalatireai 
es sciemm ou es kitres) is required for admission to the com- 
petition* The programme of the competition has undergone 
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deyelopments analogons to that of the instruction itsel£ It com- 
prises now the whole of arithmetic, the elementary and part of the 
complete instruction of geometry, algebra, trigonomet^ and de- 
scriptive geometry, physics, and general chemistry. After 1870 
a knowl^ge of the German language will be requisite kt 
admission. 

These sciences are undoubtedly within the reach, to the required 
degree, of the intelligence, memory, and judgment, of pupils from 
eighteen to twenty years of age. This would perhaps have seemed 
difficult twenty years ago, but the modes of instruction have pro- 
gressed with the sciences themselves; greater method, deameas, 
and simplicity have been introduced in their exposition and demon- 
stration, so that the memory has been relieved of a useless burdoa, 
and the judgment more powerfully appealed to. It is probable 
that, in proj)ortion as literary instruction, instead of, as now, fet- 
tering scientific studies by the time which it absorbs, shall serve as 
a preparation to them, the programmes of admission will demand 
yet more in the way of pm-e science. 

The military services which are recruited from the Polytechnic 
schools are the Artillery, for land and sea, the G6nie, military and 
maritime, the Imperial Navy, the corps of Etydrographical Engi- 
neers, the Commissariat of the navy, and the Uorps d'StcU major d 
the army. 

The civil services, of which the Engineering jjerawweZ is recruited 
exclusively among the students of the Polytechnic School, are the 
Ponts et Chaussees and the Mines, the manufactures of the State, 
and the lines of telegraph. 

But the separation of the two classes (military and civil) is no 
longer so absolute in the actual exercise of the profession as this 
classification would seem to indicate. A certain number of Military 
Engineers abandon the profession of arms in order to enter into an 
industrial career ; Engineers of the Artillery and of the Navy give 
themselves up in the workshops and ship-yaids of the Government 
to studies and labours by which industry profits. As the Govern- 
ment has demanded hitherto but little competition irom private 
enterprise in the manufacture of the arms, the ships, and the en- 
gines of the Imperial Navy, it follows that important establishments 
are directed by State Engineers, who seek to follow, if not to 
advance, the progress of private industry in works of the same 
kind. 

The instruction in the special schools of the Ponts et Ghauss^ 
and Mines has, for its object, the application of the sciences to 
public works, to the working of mines, and to the treatment of 
mineral matters. 

This range of scientific applications becomes more extensive 
every year ; it includes not only the pubUc services, but nearly all 



large iBdustrial enterprises. The coastant tendency of the State 
being to Bubstitute its action for that of priYate indnstry in the 
public services J as well aa in the indua trial enterprises which are 
connected with any political or fiscal requirements, it will be 
een how important is the basis of the education given by the 
tate to its pupils^ and w^hat a m^iltiplicitr of details it involves* 
(NoteE,) 

In the terms of the special programme for the Ecole des Fonts 
et Chanssees, the inBtmction comprises the constmction of roads, 
bridges, railwavSj canals, harboui's, the improvement of rivers, civil 
architecture^ applied mechanics, hydranlica, the steam engine, agri- 
cnltiiral hydranlica, the geologiciil and mineralogical knowledge 
required in the arts of construction, administrative law, and political 
economy," 

The pupils are exercised in drawing operations, in the preparation 
of designs or projects, the manipulation and testing of materialsj 
levelling, mechanical drawing, &c. 

For half the year they are sent away to employ themselves, 
under the direction of the chiefs of the servieej in the practice of 
the art of the Engineer* 

Besides the puprts destined for the public service, and recruited 
exclusively from the pupils of the Polytechnic School, the Ecole 
des Ponts et Chaussees receives native or foreign external pupik 
by competitive examination on a programme of the required know- 
ledge. The same is the case with the Ecole des Mines, 

The pupils who enter the pubhc service from theae schools do 
not receive any diploma ; their status is acquired by the fact of 
tho instruction they have received. But a diploma is delivered to 
the " extemes when they have passed their final examination. 

On leaving these schools the Engineer enters active service ; he 
goes to demand from observation the bond between what he already 
knows and the means of execution. It remains to him to learn 
the methods of manipulation ; to appreciate the resonrees to be drawn 
from the workman ; to judge for iiimself of the qualities of the 
materials ; to learn the forms of accouutSj the adniinistrative form- 
alities ; to acquire the habitude of managing geodesical iustrnments ; 
to direct his assistants in the study and the preparation of designs. 
This is what constitutes in reality the stage during which he 
remains Engineer of the 3rd Class. He is then directed by his 
chiefs aod aided by an inferior staff of assistants, attached to every 
Engineer a service ; and v^hich is composed of clerks and account- 
ants, of eondactors of works, and of piquem% whose ingtruction, 
altogether special and generally limited in a scientific point of view, 
leaves to the young Engineer the moral superiority resulting at 
once from more extended theoretical ideas, and from his hierarchical 
mtnation. (Note F.) 
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TliG ordinary Engineer Boon enters into He full rights and fiino- 
tious ; and bcjre also is recognised the Iiheral idm which has pre^ 
eid*^ originally over the constitntion of the Ecole Polyte<»hniq^ 
and the schooiB of application. This liberal idea oonsists in' 
ireedom of initiation allowed to the ordinary Engineers, Whea a 
work is deinanded from the Engineer-in-chief, he causes the etiidj 
cif it to be prepared hy hk ordinary Engineer ; he may doubtle© 
give to him the programme, and the H\ibordinate is bound to con- 
form to it ; bnt if the latter thinks the programme of his chi 
defective or in(X)mplete, he hm the right to state his reasons and to 
present another design. The chief disciisaea the work of bis 
onlinary Engineer, and adopta or rejects it, or proposes another 
solution ; but he has no power to Buppr^ it. The design is then 
sent on to the central Administration in order that it may be mh- 
mittad to tho Conaoil General dei Ponta et Chaufijsees (Note F) ; it 
recc^ives a preparatory examination in the sections of this council, 
and on their demand the Engineer-in-chief is called to defend his 
project before them. 

The chief Engineer has no right to design work directly^ or to 
execute a work, without the aid of his ordinary Engineer, tins 
parsing him oyer ; and the latter has no power to evade the direc- 
tion of his chief for the study and the execution of works which 
belong to the service with which he is charged. 

Down to 1820, the profession of the Engineer thus remained 
exclusively represented by the agents of the Government. M 
already stated, the entire possession of the public services by the 
State did not allow any other organization. This organization was 
founded on the establishment of the tax on works of locojnotion, 
and consequently on the free use of the ways of transport. But 
about this time, the weakness of the State funds on the one hand, 
and the example of England on the other, led to great modifica- 
tions in the system ; some statesmen did not hesitate to adopt the 
remunerative principle for works which the budget could not cnarge 
itself with, and the interest of which appared at first purely locS. 
These were, toU-bridgeSj drainage and irrigation wor^, somo few 
navigable canala, and finally railways. It was thus that the prin- 
ciple of concessions of public enterprises to private industry served 
to origiiiate the &ee profession of the Civil Engineer. The first 
members were recruited from the ancient pupils of the Ecole 
Polytechnique, or from industry itself ; but there remained a very 
small numljer, perhaps in Franco a hundred Engineers, outside the 
Coi"ps des Fonts et uhaussees and the Corps des Mines, when the 
Ecole Centrale des Arts et Manufactures was founded. 

This was in 1830, The school vras originally an industrial 
enterprise ; its founders had not in view the training of Engineers 
for the execution of public works ; railways had hardly come into 



FRAKOE, 



41 



; it was for private indmfcry that tliey desired to train 
gineers. But the coineklence of the foimdatioo of the Ecole 
Centrale with the introduction of railways had an almost immediate 
influence on the instructioE. For not only did the creation of the 
pfreat coneeaaionary EaiJway Companies open a new career to 
Tlngineers, bnt the principle itself of concessions of pnbhc aerrices 
Tseing once adniitted into legislation, the application naturally ex- 
tended itself to other enterprisea in which the aeaociation of private 
capitaHsta might be advantageously substituted for the funds of the 
Stata. 

Another strmulua lesa important also offered itself to the activity 
of txee Engineers, namely, the establishment of municipal works, 
BUch as water-works, gas-worka, and so on. 

All this was not anticipated at the time of the foundation of the 
Ecole Centrale des Arts et Manufactures, and yet it was to the con- 
strnction and working of railways, and to industrial enteq>riseB 
founded on the pubhc service, that the pupils leaving thia achooi 
applied themselves bj preference. Civil Engineering has been 
more the result of the development of pubHe works, by means of 
coneesaions or acts of incorporation (as they wonld be called in 
England), than of the progress of private industry. It is true that 
this state of things is daily becoming modified, induatiy appeals 
more and more to the profession of the Engineer, and the progress 
of the arts obligea the manufacturer to ask hia asaistance. The 
teaching of the Ecole Centrale has answered to these two kinds of 
need. Although in pure science it is less advanced than tbat of the 
Ecole Polytechniqiie, it is more extended in the arts of application 
than that of the Ecole des Pouts et Chanssees or the Ecole des 
Jlinea. The constructive, mechanicsal, and metjillurgical arts are 
more laboriously taught there than in the Ecole des Fonts et 
Cbins3ees ; bnt it is inferior in the special instruction obtained in 
the Ecole des Mines, where mineralogy and aasaj4ng are carried 
much ferther, 

1^ With regard to the arte and mechanical processes, the dtrection 
H of the inafcruction given at the Eeole Centrale has been followed 
W by very happy results, in the sense that mechanism has been 
r rapidly introduced into the arrangements of building yards, by the 
intervention of the Engineers who have come from this school 
Down to tLit time, the Engineer had left to the contractor the 
care and the reaponsihihty of such arrangements. 

In proportion aa the ayatem of concessions of pubhc worka to 
private enterprise Las opened to the Engineer a vaster field, and 
BE industry htis created great centres of production, the pubhc 
opjinion has gone in favour of the profession. Already the 
Government had opened to external pupils, by competition, the 
schools of the Ponta et Chaussees and of Mines, and dehvered the 
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diploma of Engineer to the students leaving them. It had created 
the £cole des Mines at St. fitienne, and that at St. Alais : one 
destined to educate Engineers and other officers for the direction 
of mines and metallurgical establishments; the other to train 
chief mining workmen. And finally, when the £cole Centrale des 
Arts et Manufectures was offered by its founders to the Government, 
they did not hesitate to take possession of it. (Note H.) 

The instruction for the profession of Engmeer has thus come 
entirely under the management of the Government 

It is carried on in five schools, namely — 

The Ecole Polytechnique. 

The Ecole des Fonts et Chaussees. 

The Ecole des* Mines. 

The Ecole Centrale des Arts et ManufSsu^tures. 
The Ecole des Mines de St. Etienne. 

The expenses are borne by the Treasury, and they amount 
annually to 835,700 francs (33,428Z.). A note of the details is 
given below.^ 

The first of these schools is preparatory, but the instruction in 
pure science given there is complete. The State draws fix>m it the 
personnel it requires for the public service, and distributes the 
individuals into the special schools, of which some train military 
officers, and others Engineers. This school receives about one 
hundred and fifty students per annum. Few of these feil, and 
therefore it may be estimated that a nearly equal number leave the 
establishment with the conditions of aptitude necessary to enter 
into the special schools. 

The mean annual number of students who have left the Ecole 
Polytechnique to enter the various special Engineering Schools are 
as follows : — 



Francs. 

Ecole Polytechnique 664,000 

„ des Fonts et Chaussees .... 71,800 

„ des Mines 83,200 

Centmle 453,980 

„ de St. fltienne 16,700 



1,289,680 

l^ednct the proceeds of the fees paid by the Stu- 
dents of the ficole Centrale .... 453,980 



Total . . 835,700 



Besides the reimbursement of its expenses the JScole Centrale leaves a nett 
annual profit of 70,000 to 80.000 francs per annum. 

The receipts in the ^cole Polytechnique, which amount to 1,000 francs per 
student per annum, should be deducted from the 835,700 francs. 
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The composition of the active personnel of the engineering 
profeseion coming from the Government achook is at present bb 
follows : — 

33 InspcctOTs-Gtjneral. 
225 Engineers-iii-Chie£ 
525 ordinarj Engineers. 
About 2,500 Engmeere \?lio have come fiwm the III cole Oentrale* 
ju 400 EngmeerSj external pupils of the £cole dea Ponta 
^ et Clmuss^s and the ficole des Mines. 

The pupils of the Eoole Centrale receive, on leavings a diploma 
of Engineer, or a simple certificate of capacity. This diploma 
espresseB the Bpeciality in which their studies have been principally 
conducted — construction, machineiy, metallurgy, or chemistry. The 
external pupils of the Ecole des Pouts et ("hanssees, and of the 
Ecole des Mines, receive similarly a diploma. The nnmber of 
students leaving these schools without a diploma or certificate is 
generally very few, becauso they are allowed, nnder certain 
conditions, to renew their etndies, (Note K,) 

It remains to speak of the Engineers who have not received their 
instniction in the State schools. 

In France the profession of the Engineer is free, any one who 
pluses can call himeeh" Engineer ; it is open like all other 
industrial professions. Hence there are educated Engineers, and 
Engineers who have had no theoretical instruction. 

!?^ome of these latter are accepted because they have ocqnired 
their knowledge in the practice of some speciahty. Experience and 
acquaintance with practicrd worksj particularly in the construction 
of machines, a distingnished cast of mind, good education, and an 
honourable reputation, have often sufficed to give a good rank 
among Engineers to men happily endowed with these qualifica- 
tions, but who have bad but a limited theoretical instruction. 
In general self-made men are received with a certain good 
nature, and this is unanimous when they have acquired, in the 
eonrse of their career, the theoretical ideas directly necessary for 
their labours. It is thus that a certain number of students of the 
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Eooles dm Arts et Metiere^ of conductors of the Fonts et CbauBsees^ 
of foremen of workshops, and so on^ have acquired the nnconteted 
title of Engineers. 

In proportion as scientific inBtrnction shall enter into general edu- 
cation, no doubt private industry will fiimiBh a contingent to tk 
Engineering profession more and more considerable, wlueh will 
a strong stimulus for the profSBSsk^nal schools. These^ in conee^ 
quence of the generality of the stutlies, can only treat briefly d 
the application of ads and sciences to manufactures ; so that the 
duration of the period passed by the certified student in industrial 
works increases in proportion to the diffictdties presented to him 
by the speciality into which he enters on leaving the school, and in 
possession of wldch he finds men solely taught by experience. 

It is probfl-ble that the reunion in Paris of the professional aod 
official Engineering schools will have the result of creating a mode 
of affirming by a diploma the knowledge of the professionj Mialogotis 
to that which exista in England* The patronage of an Engineer 
having a certain standing, accompanied by the certificate of 
University professors as to the student's knowledge of the theoreti- 
cal sciences taught in the schools, will be the basis of 4he diplonm, 
which, being a direct emanation from private industry without 
official sanction, will be received according to the merit aud the 
standing of the persons who sign the diploma. This Is very 
desirable. 

As to the future of the profession, it will probably follow the 
development of labour and the progress of science. Engineers 
whose acquirements are limited to a comprehensive system of 
general principles^ must fsiil in regard to the multiplicity of details 
required by each special branch of the profession. Greneral in- 
struction, as soon as it leaves pure Bcience, that is to say, when it 
extends iteelf widely to applications, becomes a cause of impover- 
ishment to special iostruction. The title of Engineer may be 
adopted as the general indication of nmny technical prolessions 
which havi^ only one bond between them^ that of the pure 
sciences, and which can only be normally practised by the aid of 
these sciences. 

Will the whole organization, administrative and industrial, 
the profession of the Engineerj in France, produce as fertile 
resultSj and as rapid a progress as that which has taken place in 
England, in the absence of all official regulation, and of all Govern- 
ment sanction, either in instinction or diploma ? It is difficult to be- 
lieve so : to be useful, a profession ought to follow social wants, 
to modify itself according to them, to transform and adapt itself^ in 
a word, to their intereate of activity and of well-being. On the 
contrary, the peculiar quality of State institutions is stability, 
tradition, immobility, in legal or official forms. Already, before 




the diaoovery of railways, the diBtinction between French and 
En^ijlish Civil Engineering was considerable : private indnatry was 
in England at the head of all great enterprises ; in France it had 
& hand in none ; science could effect nothing against the lack of 
opportunities to work, against the want of etimulos to create 
and to perfect ; and it was private industry which in France came, 
with the railways, to elevate Civil Engineering, to rouse it from its 
apathy, and to raise it to the level to which it has now attained. 

Experience, in default of reasonings would tend then to demon- 
strate that» if it is the duty of GoTemments to render all the aid 
they can to professional education, for the services of general 
control with which they are charged in the public interests, they 
ought also to be equajily carefnl not to trammel by any exclusive 
measures the efforts of industry to train its own professional 
agents : they ought even to encourage these efforts, to excite com- 
petition in the instruction, and in the eserciso of duties analogous 
to those which they give to their own agents. 

When, as in England, private industry offers to Civil Engineering 
tho great and only field for the application of its activity, it be- 
csomea evident that the sanction of the State is useless for the 
diploma of its Engineers, In this case there doubtless is a less 
elevated means of pure scientific instruction, hut the technical 
valne of the ensemble of the profession is higher, and it renders 
greater service to the pubhc welfare* 

as in France, the State shares with private industry the 
direction of public works, it ought on its part to take care that 
the education of its agents is beyond question : it is further just 
and hberal that it should authorize private industry to draw its 
instmctioD from the same sources of education, by external study. 
And foriher^ if according to the customs of the country aU 
instruction is obtained through scholastic establishments with their 
degrees and diploma, it is proper that the Government should do 
for the profession of the Engineer the same as they do for letterg^ 
pxm© science, law, medicine, &c. It would seem, then, that in what 
alraady exists in this respect there is nothing to be destroyed ; and 
that it only remains to extend it to the efforts which private 
industry may make in a direction analogous to and independent of 
the Government* (Note L.) 

EuoiiNE FlachaTj 
Honorarij Presidmt of ihe SocieU de$ Ingmimrs 
Civih ae France. 

October, imB. 
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NOTES. 

These notes emanate /ram an IngSnieur en Chefdcs Mines, one of the fnoA 
distinguished for his scientific attainments, and for his practical works, h(A 
in the ptMic service and in private industry. 

Note A. 

Before 1830, as at present, there were external pnpils at the Acoh des 
Mines ; some came ont of the £cole Polytechnique, the others, but very 
few, were admitted after examination. At the £cole des Ponts et Ghaus- 
8^ external pupils have only been admitted for the last few years. 

Note B. 

It is only exceptionally that the State has" worked mines : under the First 
Empire a coal mine near Sarrebruck, and lead mines in Savoy, as con- 
nected with the practical Mining Schools existing at these places; and 
under the Eestoration, the salt mines of the East. 

Note C. 

The icdie des Mines of Paris was created in 1778, closed in 1790, re- 
opened in 1794; see the Law of 22nd October, 1795 (Loi concemant les 
Ecoles des services publics). This law places the School under the autho^ 
rity of the Minister of the Interior, recruited from the £cole Polytechmque 
and admitting external pupils. The School was reorganized on the same 
principles by an Ordonnance of the 5th December, 1816. The same law of 
October, 1795, organized the ficole des Ponts et Chauss6es, which had ex- 
isted before the Eevolution. The chief object of this School was to train 
Engineers; the military element only became predominant at a later 
period. 

Note D. 

For an Engineer who grows dull in the ordinary service, a part of the 
instruction becomes useless. For an Engineer who works, all portions of 
this instruction may, at any moment, be serviceable ; and, besides, they are 
necessary in order to follow the courses at the special schools. The neces- 
sity, at the present day, of a high instruction in physics (tel^raphy, 
heating, lighting, moving powers, &c.), and above all, in chemistry, is in- 
contestable; the differential and integral calculus and mechanics are indis- 
pensable when it is desired to approach the questions of metallic or other 
construction. The instruction at the ficole Polytechnique is necessary to 
enable an Engineer to treat, in a complete manner, all the questions arising 
in his profession ; it is sufficiently advanced to serve as a point of departure 
for philosophers of the future. 

The Civil Engineers leaving the} Ecole Centrale have learnt, in a less 
complete or more superficial manner, all tiiat is taught at the ficole Poly- 
technique, and it is possible for them, by personal study, to attain the same 
level of scientific knowledge as the students of the latter. Examples of 
this are not wanting. 

Note E. 

Some reserve should be made on this point. The tendencies of Govern- 
ment, of high administration, are diflferent from what is generally believed. 
In what concerns private industry properly so called, whenever an indus- 
trial regulation is meddled with, it is in the direction of less State interven- 
tion, as in the case of mineral interests, smelting furnaces, steam engines, 
and the conditions of their manufacture and testing ; unhealthy manufac- 
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■ R (de-classification^ or lowering of the classes}.* In regard to Bail ways, 
here the credit of the Compaiaios has heeo rested on that of the 
tate, and where important moaopoliea are placed in the hands of a KDiall 
nmnber of Companiesj it ought to be borne in mind that the liand of the 
State presses verj lightly on them. The same ia the case with the enter- 
rises of the transatlantic steamers. 

One of the most liberal mea^jures of GoTermnent ha.^ been the purchase 
f the £cole Centrale, which it cares for, encourages, and develops in the 
terest of free industry. It h the same view which has induced the Stato 
develop more and more the external tuition in the School of Miaes^ ; to 
reata that of the ficole dos Ponta et Chaussf^es ; to augment the fieoles 
d'Arts et Metiers, &c. 

As to the control over industry, England has gone much farther than 
France, in the interyeution of the State ; in the latter country no efficacious 
r applicable law yet exists as to the work of children in tactories, 

Note 

The relative independence of the ordinary Engineer is not only a liberal 
measure, it is an effectiTe control as regards both art and finance. 

It would be well to say something of the Agetit^^voycrs. The tendency 
to decentralization, the extension of the powers of the Prefects or of the 
Couseils-Geui^raux, cause these officers to become real log^Snieura des Pouts 
et Chaussees, their standing beeommg constantly more and more elevated ; 
and they are recruited t:oni3tantly more and more from the licole Centrale. 

Note G. 

I believe that the teaching, of raotalhxrgy is much less developed at the 
Nicole Centrale than at the Ecole dos Mines ; and the same for the art of 
working mines. I fnrther believe that the instrnctiou at the Ecole Cen- 
trale has a defective feature, namely, the spreading of the iimtmction over 
subjects too varied ; the same young man working with equal assiduity at 
the lioole des Mines and the Ecole Centrale, would acquire at the former an 
instructiou less varied, more special, but more substantial; and he would, 
I believe, be bett*^r prepared to embrace the majority of the professions re- 
cruited from the ficole Centrale. It is wrong to seek to make of the l5cole 
Centrale a rival to the special Schools of Mines ; that might be explained 
by the circumstances of its origin, but it m not justifiable now. The licole 
Centrale ought to be solely the special school of pubhc works and of manu- 
fiwituring industiy {from which 1 would not exclude metallurgy, as 1 
would the art of the miner). If it is to trench on the domains of the 
other schools, it would do l^etter to occupy itself on the one hand with 
agriculture, and on the other with architecture. 

Note H. 

The ficole des Mineurs at St. Etienne is equivalent, as regards the degree 
of instruction, to the Ecole Centrale ; but the School of Alals is of the 
same order as the Ecoles d'Arts et Metiers, and I believe even lower. 
None of the acts constituting the St. Etionne School speak of Gard^Mines : 
they are recruited by special examination to some extent from all quar- 
ters. 



' M. Flachat dops not Qgree in this upmioti. If the mast enlightened men 
follow thfa path, the great Tnajorify of the absents of the public fidmiaistTBtica take 
aa oppoaite cour&e. The increase of 1he power of tho State during the lust seFen- 
te&n yeat« baa tended to an increosiag absorption, by the Grovernment, of jndtia- 
tri*l Motivity. 
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Note L 

Here may be meBtioned the ^cole du G^nie Maxitime, esUbliahed 
«ris, and to which it woald bo doubtless usoftil to admit external pupils, 
for example, mch pupils of the ficole Centrale as might wish to devote 
themsel?eB to the construction of ships. A valuable instniction is gim 
fbafe which is not Rufflciently utilised. There is also the £ cole des Ifenu- 
&0ttir6S de rfitat, Totiacco, Gunpowder and Saltpetre. This School has be* 
ooma d importance since tlie service of the gunpowder of commerce }m 
pBfised into the hands of the Mlniater of Finance. There is here » nursery 
of mannfiacturing Enj^ineers, which from time to time may fiimifili mdiTh 
duAte to private industry. 

The number of IM) pupils leaving th© Bcole Folyteehniqne is too large. 
Generally Icrs than 150 enter, and ilhieas and interrupted stufliea reduce 
the iiuml>er leaving the School to 1*20 or 130, omitting exceptional years of 
special military requirement 

Note K. 4 

At the iScole dee Mines, if the pupils who arrive at the end of thdr 
course fail, they are not allowed to renew their atudy, 

KoTB L. m 

My conclusioti would be ttiat in England, where the enormous extensdoj 
of industry and commerce, result mg firom the natural mineral riches of thil 
country iind the conditions of ineular existencej has already developed on a 
great scale the profession of the Engineer, there is nevertheless a great de- 
ficiency of theoretical instruction, which it is essential, in a natioml point 
of view, to supply, 

I believe that in this BtudyngricuHujal industry ^ould have been made 
to participate ; under another form this rec^uiree to have recourse to the 
art of the Enpnoer, and calls into action a knowledge of the mineralogy 
and geology of the soil, the chemical fabrication of manures, the mechani- 
cal and chemical elaboration of the produce, the mechanics of labour, con- 
struction, irrigation, drainage, meteorology, &e. There are many schoola 
in which superior farm-servants are trained ; but tho profession of agricul- 
tural Engineer is in a great measure yet to be created. Things are at pre- 
fient in tlie same state as regards agricultural industry as they were for 
manufacturing industry in 1830. The question was raised in 1848, and 
the two years of action of the Institut Agronomique of Yereailles produced 
good results, but naturally very limited. The Government has felt the 
necessity that something should be done ^ and it is said that the Commis^ 
Bion instituted on this subject have arranged a programme for the openina 
in Paris of a school of high a^'icultural instruction, which would bo to tbi 
branch of industry what the Ecole des Mines is to raining. 

I believe that the pupils of the licole Centrale, possesaiog their language 
of general technical instruction, who would he wilhng to follow for two 
years the special courses of a school of this kind, migiit render themselves 
very useful in this new career. 

The instruction of the two Schools niiglit bo combined in such a way that 
the pupils of the ficole Centrale might afterwards pass these two years at 
the School of Agriculture. It is further probable that the same eombina- 
tion might bo adopted as at the ficole des Mines^ where there is for the ex- 
ternal pupils who do not come from the Scole Polytechnique a preparatory 
course, putting them rapidly in a position to follow the special instruc- 
tion. 

Talring the question in general terms in the point of view of the actual 
organization of the professional schools in France, a system might 
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opted wMcli is, I belieTQ, that of Gennany, It would he possible to com- 
iae in a prepai^tory scbool (wliich would only be tho extension of that of 
c licole des Mines) the general and common instmetioii necessary 
approach the special education— deseriptive geometry, drawing and 
louriijgj phyaics and chemistry, the elements of the difFerential and 
tegral^caieulns, graph ictil and topof^raphical delineation, This would 
tho Ecole Polyteclmique abridged, with the instructioa strictly neces- 
^ given in one ytar iustead of two. 
Pupils admitted on examinalion to this preparatory &chix»l would ro- 
eivm after exannnation in the four Scnools of Application, Ponta et 
hanssies, Mines, Arts et Manufiactures (reduced to two years of special 
nstruction), Agrienltnre. Theso same pupils might also eut^r the section 
f Architeetnre in the JJcole des Beaux Arte, where a good foundation of 
pecial instruction woiold he very useful to thorn. 



M- Flachat accompanies his communicatioE by a letter^ of which 
the IbUowiag is a translation ; 

October 15th, 1868. 
** I BEFLY, after much delay, to your letter of Sth July, by 
Bending yoii tie accompanying memoir on the questions proposed 
in your circular respecting the system of education adopted in 
France for the profession of the Engineer, In that memoir 1 hare 
confined myself to description; I have not wished to enter on 
comparison, 

" In my opinion, free industry forms the most u^ful engineers ; 
this is the state of things in England. Government education, on * 
the ottex hand, makes them more learned (savans) ; this is the 
ease with our Eoole dea Mines, recruited from the Ecole Polyteeh- 
niqne. Our Ecole des Fonts et Chauasees has not heen rich in 
savans, because the functions of the Engineers coming fi'om that 
school have long been, and still are, very limited, and all emulation 
has been extinguished in them. 

" I beheve our system is much too centralized to suit England. 
It is desirable that each of your large townB should have a fiiculty 
composed of professors, whose united certificate should form the 
diploma; the diplomas should be of different degrees ; the first for 
preparator}' education, analogous to that of the Ecole Polytech- 
nique ; the second for special education— constnietion, metallurgy, 
m^anics, mines, agriculture, architecture. 

The pupils might follow their studies while they were engaged 
in industrial occupations ; th^ would have to devote longer time 
to study than tho,se who occupied themselves exclusively with it, 
bnt they ought to be able to succeed equally well. 

" I express here an opinioDj concurred in by all the Engineers 
who have visit©! England ; viz., thnt the necessity, for that country, 
of extending the ideas (de re^yandre les nciwns) of the engineer is in 
propoil^^ion to his industrial activity. Wherever a scientific faculty 
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could be maintained by a centre of population, at least for prepa- 
ratory education, there should be no hesitation. The faculties for 
special education are more difl5cult to establish because the pro- 
fessors are but few ; but you would have enough for a dozen es- 
tablishments. A most useful rivalry would establish itself among 
them ; it would be entirely moral, and, for the most part, dis- 
interested ; but it would not therefore be less ardent. 

" Several causes have delayed this Uttle work ; a journey of two 
months, and the examination of my memoir by one of my friends 
who has been for thirty years in the first rank of the Corps des Mines ; 
he is free from all prejudice, though more indined than myself to 
the opinion that the intervention of the State ought to predominate 
both in education and in pubHc works. I have the greatest confi- 
dence in his opinion because it is most enlightened and sincere, but 
I do not absolutely concur in it. 

" From year to year I have always felt my conviction increase, 
that private industry ought to be the sole instrument of activity for 
all the wants of a nation, and that the State, representing more 
exclusively the general interest, ought only to exercise a control. 
On this account, private industry ought to contain within itself 
more science, more originality, more means of action than the State. 
But the State, in exercising its control, ought to borrow from 
industry the men most distinguished by character and by science 
which have been trained thereby. Industry alone appears to me 
capable of training men whose mission should be, when age and 
experience have fitted them for it, to guide, continually, the activity 
of the country into the path of the general interest. Such men 
alone would have that moral influence which is the sole means of 
coercion when interests are concerned so varied, and mixed up so 
inextricably with the manners and customs of the labouring popuk- 
tion. From this point of view, I believe, that every State wnich, 
like ours, would create a tribe of Levites — a special corps — charged 
to direct the activity of the country, must always be in the rear of 
those who prefer to demand, from industry itself, its own counsels. 

" These ideas are far removed from those prevalent in France, 
but they accord well with those held in England. The truth is, 
that if science is equal in the two cases (or rather is more advanced 
and more general with us), art advances with you at a pace much 
more rapid. We have been imitating and following you for sixty 
years ; and the French Engineer who ignores what is done by you, 
has but an incomplete acquaintance with his profession. If science 
were more generally spread with you, you would maintain your 
superiority. 

(Signed) " EuofeNE Flachat." 
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VJ. 

Fbom M. Wilhblm Nordling, of the Chemin de Feb D'OiiLEAxs. 

16, Place Vcjiidomo, Paris, 
July 16, 1868. 

Sm, 

Our director, Mr. Thirion, lias intrusted to me the task of 
replying? to your circular of the 7th inst. I shall coufioe myself to 
thiat which concerns this Company, being convinced that you will 
receive, as regards the schools and oflScial bodies of France, infor- 
mation from more competent sources. 

The network of the Orleans Company comprises 4,000 kilo- 
metres of lines, of which about 3,000 kilometres are open, and the 
rest in course of construction. Its administration is at present 
divided into three nearly distinct parts, viz* : 

The lines already at work, under the directorate of Mr. Sola- 
croup, with the staff necessary for the trains, the maintenance, and 
the reconstruction and extension of the works. 

The western network having Mr. Morandiere for its director, 
including the lines in construction in Bretagne, Vendee, Poitou, Ac. 

Lastly, the central network having Mr. Thirion for its director, 
and comprising the Hues in construction in Auvergoe, Bourbonnais, 
Limousin, &c. 

The technical staff (peisonnd technique) of this triple adminis- 
tration has a common origin, but varied, viz. : 

1. The Imperial Corps des Fonts et Chaussees and des Mines, 
and the Imperial Schools of the same name. 

2. The Imperial Ecoles des Arts et Metiers of Chalons, of 
Angers, and of Aix. 

3. The conductors and auxiliary employes of the administration 
des Fonts et Chaussees. 

Herewith are some observations on each of these three categories. 

The Imperial Corps des Fonts et Chaussees is exclusively re- 
cruited from among the young men who, by public competition, 
have passed the Ecole Folytechnique and the Ecole des Fonts et 
Chaussees. It comprises^ by law, all the Engineers' appointments 
at the disposal of the Government for the maintenance and the 
construction of highways, canals, river navigations, seaports, the 
construction and supervision of railways, &c. The Engineers of 
the Fonts et Chaussees cannot enter the service of the railway 
companies without the consent of the Government, which, for this 
purpose, accords them an * unlimited leave ' (conge illimite). If the 
perwd of this leave exceed five years, the rights of promotion and 
of seniority are surrendered. 

The Orleans Company employs at present fifteen Fonts et 

E 2 
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Chaa8s6es Engineers, who fill the highest posts ; those of directors 
akeady mentioned, of Engineers-in-chief of construction and main- 
tenance, of resident Engineers {ingenieurs ordmaires) for new 
works as well as for maintenance. 

The organization of the Imperial Corps des Mines is similar to 
that of the Ponts et Chaussees. the members are recruited from the 
Ecole Polytechnique and the Ecole des Mines. It devotes itself to 
the Government supervision of mines and partly to the working of 
the railways. The Orleans Company employs but one Ingenieur 
des Mines. 

The Imperial Ecoles des Fonts et Chaussees and des Mines.— 
For some years these two schools have admitted, under the title of 
* free scholars' (Sieves libres), a certain number of pupils, as many 
foreigners as natives, who receive the same instruction as the 
pupils drafted from the Ecole Polytechnique, and destined for 
pubUc duties. On leaving, the foreign pupils naturally return to 
their own countries (principally the South American Republics, 
Portugal, Spain, G-ermany, &c.). The French 'free scholars' are 
not entitled to employment in pubhc offices, and have much diffi- 
culty in obtaining private appointments. The Orleans Company 
employs but three or four, one of whom is a Chief Engineer. 

The Ecole Centrale famishes a large number of employes to 
all the companies. We have some who are resident Engineers, 
Engineers in charge of sections of works in progress (chefs de see- 
tion), assistants, draughtsmen, &c. They prevail above all in the 
locomotive and rolling-stock depaiiment (service du materiel et de 
la traction). The Ecole Centrale often complains of the compe- 
tition of the Corps des Ponts and des Mines, mostly in respect of 
the superior grades. 

The three Imperial Ecoles des Arts et Metiers famish prac- 
tical assistants, wno are well up in iron- work (le dessin et le tra- 
vail des metaux). They are to be found in all departments ; and 
if the majority do not succeed in raising themselves above inferior 
and mediocre positions, some, notwithstanding, attain the highest 
grades. 

The administration of the Ponts et Chaussees employs under 
its Engineers a numerous staff of conductors, jpeg^wewrs, and auxiliary 
servants, some of whom come from the Ecole Centrale, some from 
the Arts et Metiers, and lastly, some of whom simply train them- 
slves in the offices and on the works. A pubhc examination, 
open to all, decides on their admissibility to the Government 
employment in question. 

For some time the conducteurs of the Ponts et Chauss&s were 
absolutely shut out from the office of Ingenieur des Ponts et 
Chaussees. Under Napoleon III. the legal disabihty has been 
diminished, but in reaUty it has not yet been removed. 



IMany conductors of the Ponte et Chaussees havo obtained from 
e Government leave of absence, ami have entered t!ie service of 
e railway companies as residt-nt Engmeera (mtjenieard ordi- 
ncL'ires), Engineers in cLfirge of sections, conductors, &c. 
I The English system of pupilage obtains in 1^'rance only with 
teJiitects, No French Engineer exactg, nor possesses the power 
H exacting^ any fee ibr such knowledge as the young men may 
pick up in his office or on his works, Superoumeraria^ are some- 
times taken^ who at the outset are not paid, but this is stUl a rare 
exception, The young men leaving the public schools have made 
ufficient sacrifices, and have, as a rule, sufficient professional know- 
to merit remuneration. 
The style of * Civil Engineer' is in France so badly defined 
t any and every one may assume it ; and it does not in any 
way apply to the Government En queers (Ingeniem's des Fonts et 
Chaussces and Am Mines), Formerly the past pujiils of the ficole 
CentraJe took the title of Civil Engineer ; now, their diploma 
ityles them Engineers of Arts and Mann^turea (Ingcnienrs des 
et Manufactures). 
The title of Civil Engineer would appear more and more to asso- 
tte itself with the membei^ of the Societe dea Inffenieiiis-CivilSj a 
private society, %vho9e organization asshnilates to tnat of the Insti- 
tution of Civil Engineers in England. 
I (Sigaed) 

r 
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From Mk- W. B* Buddicom, Civil Enoikker. 

Noh on th& mrious Schools for Engineers in France, 

Tke various schools opened in France for the instrticfcion of pupils 
lestined to be Engmecra are under the direction of Government, 
latyment being made of an annual sum^ also of an entrance-fee 
pepresentiug the value of the outfit required by each pupil. These 
bemg paid, file Government engages itself to defray all expenses con- 

r3ted with furnishing instruments, the emolumentj^ of protestors, titc. 
These general expenses are regulated by the various ministerial 
departments in whose hands these institutions are placed, and 
pear in the Budget of the State* 

1'here are two kinds of Engineers^ the Government Engineers and 
vil Engineers. 

The Government Engineers must first pass through the JScole 
^ale Polytechnique before Ijeing admitted to an Ecole d app>li- 
They receive there geneml tbeoretical notions suited to 
careers, but no practical instruction. The regular school-time 
ving expired, the pupils are classed according to the year's marks, 
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the half-yeiirly examuiations, and general examinations. At the 
last examination the pupil names in order of preference those careers 
he would prefer entering, and he is classed in the one in which 
there is room for him, according to his rank ; so that his career 
depends not only on the rank taken by him at the last examina- 
tion, but also on the number of places given each year by Govern- 
ment. The number of these places is of course much sinaller than 
the number of candidates admitted each year, but the Government, 
in all its nominations to positions, gives preference to students of 
the Ecole Polytechnique. This privilege is of much importance, 
for thereby the entry to many civil employments is facilitated. 

Generally speaking, the non-military Government employments 
are classed as follows : — 

Mines, Fonts et Chaussees, Genie Maritime (constructions na- 
vales), Les Tabacs, Telegraphs, &c. 

Generally, appointments to the " Mines" do not exceed the first 
ten, and the Fonts et Chaussees the number thirty. Those pupils 
which are received on leaving the Ecole Folytechnique and classed 
according to merit, are then sent to the various Ecoles d'applica- 
tion suited to them, viz., the future mine Engineers to the Ecole 
Imperiale des Mines, the future logenieurs des Fonts et Chaussees 
to the Ecole Imperiale des Fonts et Chaussees, where they receive 
the theoretical and practical instruction necessary to them. After 
the regulation time has expired, and when the pupil has been sent 
on mission to the departments, and attached to some works in 
course of execution, he becomes Ingenieur ordinaire des Fonts et 
Chaussees, and then Ingenieur en chef, and lastly Inspecteur 
General. 

There is no Ecole d'application for the Genie Maritime (con- 
structions navales). The pupil Engineers are sent to the mihtary 
ports immediately on leaving the Ecole Folytechnique, and at the 
end of a certain time they make a journey round the world, and 
return after that to the Government bmlding-yards. 

The "Government Engineers" can obtain " coTz^es" (leaves of 
absence), durijig which they may place themselves with railway 
companies, or in private industrial concerns ; and as these positions 
frequently procure them emoluments greater than their ofl&cial pay, 
it often happens that at the expiration of their leave, which cannot 
exceed five years, they prefer not returning to the body of Govern- 
ment Engineers. 

Civil Engineers. — The Ecole Imperiale Centrale des Arts et 
Manufiactures de Faris has for its especial object the formation of 
Engineers lor all branches of industry and public works, the manage- 
ment of which does not necessarily belong to the Engineers of the 
Si \e. Each year the Minister of Fublic Works dehvers to the 
pi 1 designated by the council of this school the following — 



1- To those wbo have satiaKed all the reqniremeuta of the 
blic eKaTiimatioiij diplomas af Ingeaieur dea Arta et Mauu- 
ctures, 

2. Certificatea of capacity to those who have proved tiiat on all 
the most important points of ednciition thej posgesa the necassary 
knowledj^e. 

Tlie diplonm of Ingenienr des Arts et Maiiufacturea gives no 
right to any official position, as the State reserves exelusively for 
its Ingenienra dea Mines and Fonts et Chanssees the numerous 
Iplaces it has at its disposal. Bnt private indnstryj railway com- 
panies, and others, employ many of these Ingemenrs Civila, aa 
mx them are fonnd the guarantees of necessary capacity, and they 
■therefore thus frequently arrive at very high positions. Among 
KJivil Engineers there is of course neither claasiiication nor rank. 
EEach individual must strive to create for himself a career through 
Ihia own resources. On the contrary, the Government Eiigineei-s 
■find immediately an assured position in which they advance sue- 
I cessivelyj generaUy according to the order of merit in which they 
leame out of the ficole d'apphcation. The consequence is, that 
I the admission to tlje Ecole Polytechnique is soUcited every year 
I hy a large number of young men, and that hy reason of the (lom- 
I paratively small number of pupik admitted e^h year the condi- 
I tiong required, hoth at the entrance examinations and leaving 
I emminations, become more and more difiicidt. 
I After what has just been said, it will bo easily mideratood that 
I a sort of rivalry exists ^between the two coips. ITie Government 
Engineei-s, full of the prestige which the Ecole Polytechnique haa 
given them^ look with a eertJiin feeling of superiority on the Civil 
Engineers. These, on the other hand^ consider that the former 
have too much theoretical and too Httle practical knowledge. Con- 
sequently very little amalgamation exists between the two corpa^ 
who on each side keep up among themselves, even long after having 
left the schoolsj a laudable spirit of fraternity. 

The Society of Civil Engineers in Paris is proud of counting 

(amongst her number all the celebrities of industry, without respect 
to their nationaHties. 
Besides the various categories of Engineers which have just been 
mentioned are the following : 

The conducteurs des Ponts et Chauasees are divided in three 
classes, viz. :~ 

Les condncteurs et sons-ingenieurs des Ponts et Chaussees, 
which are appointed by Government by examinations of capacity. 

The conductem:s principaux, Les conducteurs de premiere, et 
de seconde classe* — The title of sous-ingenieur des Ponts et 
Chaussees can be eonferretl on 'Conducteurs principanx/ who, 
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for five years, at least, have held the position of Engineers and 
exercised their functions. 

The Ecole des Mineurs de St. fitienne, which is destined to the 
formation of Engineers for the direction of mines, and estahM- 
ments for working metals, as well as of assistant engineers of 
mines. 

Also for the civil employments — 

Les Ecoles Imperiales d'Arts et Metiers at Aix, at Angei-s, and 
at Chalons-sur-Mame, destined to the formation of foremen, and of 
instructed and clever workmen for the trades where metal and 
wood are worked. The instruction there is hoth theoretical and 
practical, and at the termination of their studies, those pupils who 
have satisfied the requirements of the final examinations receive a 
certificate. 

The school of the Maitres-ouvriers Mineurs of Alais gives to the 
two -years-pupils, who are considered worthy of it, a diploma of 
Maitre-Mineur (master miner). 

In short, there are two completely distinct categories. 

The (lovernment Engineers having heen forced to pass through 
the ficole Polytechniciue are spread (hy order of merit) over the 
various Ecoles d' Application suited to the career, under Govern- 
ment, to which their number has destined them. These situations 
are salaried by Government, and assured during lifetime (excepting 
in very rare cases of dismissal), and so make it possible for the 
holders to arrive at high administrative positions. 

The Civil Engineers, to whom the State only grants Engineer 
diplomas, certificates of capacity, &c., which diplomas enable 
them to embrace, in private industrial concerns, careers which are, 
at least, as honourable, and often more remunerative, but especially 
much more independent, than those to which the Government En- 
gineers arrive. It is generally at the * Ecole Centrale,' or at the 
schools of Chalons or Angers, that the heads of industrial estabhsh- 
ments apply for the young Engineers or foremen they may be in 
want of. The large engineering firms (railway and others) employ 
as draughtsmen or engineer-pupils many of the young men from the 
above named schools, who come to them to complete their practical 
education. 

All these diBferent schools are placed in the department of either 
the Minister of War (for the Ecole Polytechnique) or of the Minister 
of Commerce and Public Works, and receive subventions from the 
State (with the assistance of the towns and departments), and are 
entirely at its (the ministere's) charge ; minus the annual contribu- 
tions stipulated from each pupil and expenses of outfit, &c. 

Public examinations are required at the entrance and on the 
leaving of each pupil, according to published programmes fixed upon 
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by ministerial decrees. The examiners are chosen exclusively 
among the notabilities of the Government corps of instruction. 

The conditions of admission and quitting become every year more 
difficult by reason of the affluence of candidates. And in conse- 
quence of this principle of admission by competition, a number of 
colleges and private mstitutions (these latter conducted either by 
laymen or religious fraternities) prepare bachelors of science and 
pupils for GU)vemment schools of all sorts. 

Public free lectures are given by the most eminent professors oi 
the Sorbonne, the College de France, and at the Arts et Metiers. 
Also pubhc and free evening lectures destined especially for work- 
men, and established in all quarters of Paris under the patronage 
and control of the Minister of Pubhc Instruction and of the town 
of Paris. 

As an example of the knowledge which is required for admission 
to the following schools, printed programmes are enclosed, viz., for 
admission to the 

Ecole Imperiale Polytechnique. 

„ des Mines. 

„ des Ponts et Chaussees. 

„ des Arts et Manufactures. 

„ d' Arts et Metiers. 

Emplois de Conducteurs et Sous-Ingenieurs des Ponts et 
Cnaussees. 

The following can be procured at " A. Morant, Libraire fles ficoles, 
Kue de la Sorbonne, 22, Paris:" The compositions for examina- 
tions at the Ecole Polytechnique, at the Ecole Centrale, etc., with 
the detailed questions and problems given. 

Price for each separate school : — 

Fr. c. 

Examinations of 1866 . . . . 7 50 

1867 . . . . 15 

Enclosed is also a prospectus of M. Morant, relating to his 
various pubhcations as connected with the different schools, and 
which will be useful in case you may wish to obtain any of them 
more than those I send with this. 

I should add, in reply to your question about the premium paid 
by pupils to Engineers, that such a practice does not exist in 
France. 

W. B. BUDDICOM. 

Gonbodw, Sept. 25, 1868. 
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Special Information respecting the various French 
Engineering Schools. 

In addition to the general details contained in the foregoing 
communications, other information has been obtained, bedring 
more particularly on the various Special Schools; and a large 
number of published documents have been received, which are pre- 
served for reference in the Library of the Institution. This in- 
formation will now be given, and reference made to the pubhshed 
works, under each head. 

EcOLE POLYTECHNIQUE. 

See the following Works, 

Programmes des Conditions d'Adinission a TEcole Imperiale 
Polytechiiique. Amiee 1868. Paris, Delalain. Small 8vo. 
(The same for 18t)6 and 1 867. Folio.) 

Programmes des Connaissances Exigees, et Instruction Minis- 
terielle pour TAdmission a I'Ecole Imperiale Polytechnique, en 
1868. Paris. Hachette. Small 8vo. 

Programmes des Connaissances Exigees pour TAdmission a 
rEcole Imperiale Polytechnique en 1863 ; arretes par le Conseil ' 
de perfectionnement, et approuves par le Ministre de la Guerre. 
(Extrait du Journal OflSciel.) Large 8vo. 

Programmes de TEnseignement Interieur de I'Ecole Imperiale. 
Polytechnique; arretes par le Conseil de perfectionnement, et 
approuves par le Ministre de la Guerre. Paris. Imprimerie Im- 
periale, 1866. Large 4to. 

Copy of the form of Certificat de Capacite, given on leaving 
the school. 

EcOLE DES PONTS ET ChAUSS^. 

See the following Works, 

Decret portant Organization du Corps des Ponts et Chaussees. 
1867. 8vo. 

Decret portant Organization de TEcole des Ponts et Chaussees. 
1867. 8vo. 

Programme des Conditions d'Admission a TEcole des Ponts et. 
Chaussees. Paris. Delalain. Small 8vo. 

Keglement interieur de l Ecole Imperiale des Ponts et Chaus- 
sees. IS 67. 8vo. 

Programmes de Enseignement interieur de TEcole Imperiale 
des Ponts et Chaussees ; arretes par le Conseil de TEcole, et 
approuves par le Ministre de I'Agriculture, du Commerce, et des 
Travaux Publics. Paris. Thunot. 1867. Large 4to. 

Admission des Eleves extemes aux Cours de I'Ecole. Decrets, 
Arretes, et Decisions. Paris. 1864. 8vo. 



Note indicative des principaux Oiivragee a coufsiilter a h 
ibliotlieiiue, \m\r Vexamen de Droit adminietratif. 4 to. 

Pi ogramm^s deg Concourft — He&sion 1867-8. Folio. 

Eorm of Diploma for the Elevea Externes. Folio. 

Joumal de msBion. Various papers and Ibrras, Folio, 

Programme dea (..bnditiima d'Admisaion aax: emplois do Con- 
acteur de Sous-Ingenieur des Pont^? et Changgdes. Paris, 

eJalain. >^maU 8yo. 

EcoLE PEB Mines. 

The followinf]^ particulars in leferenee to this HcIil^I have heen 
famished by M. Combes, Inspecteur General des Minef^, and 
Directeiir de TEcsole dee Mines, M. Combes saya in his accom- 
panying letter — 

" We have no detailed programmes of the course of study of this 
SchooL Each of the professors arraogee, with great freedom, the 
order of his instruction, and the extent which he gives to each part 
thereof; keeping within the limits of the number of lectures 
allotted to him from the 15th November to the 15 th April fol- 
lowiDg. 

" Jm order to supply, as far as possible, the place of these 
wanting programmes (which would, moreover, necessarily vary with 
time and the progress of science I send along with the printed 
papers a manuscript notice ; at the conclusion of which is a list of 
works published by some of our professors, Messrs, Eivot, Coucbe, 
and myself." ' 

Notim respecting the Course of Stitd^ at the Mcole dm 
Mines, Paris. 

From 9 to II a,m.j the students attend the three following 
courses: — 

!♦ Working of Mines and Machines, 
L 2- Metallurgy, 

mm 'd, Bocimatie (iissaying). 

Each of these Courses consists of from Ibrty-two to forty-five lec- 
tures in the year, of two hours each. 

The Course No, 1 comprises for the first year, working of mines, 
for the second, machines. The former treats of the search for 
mineral veins, by digging and boring ; of the formation of shafts 
and galleries ; of the working proptrly so called ; of ventilation, 
drainage, &c. The Course of Machines comprises — prime movers, 
by wind, Wiiter^ and fire^ &c. ; machines for exti'ac^ting, for exhaus- , 
tion; blowing hammers; rolling maehinery, &c. Finally^ the 
Course comprises also the mechanical preparation of ores and 
fuel 
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The Course No. 2, Metallurgy, treats, the first year, of the sub- 
ject generally, and of iron ; the second year, of all other metak 
In the first year fifteen lectures are devoted to the subject gene- 
rally, i.e. to fuel, furnaces, and metallurgical processes, and twenty- 
five lectures to cast and wrought iron, and steel. The second year, 
three l^tures to a revision of the general subject ; then thirteen or 
fourteen lectures to the metallurgy of copper ; eighteen to that of 
lead and silver ; three to gold, platinum, and mercnry ; and six or 
seven to tin, antimony, bismuth, cobalt, nickel, and zinc. 

The Course No. 3, of Assaying, treats, the first year, of the 
alkaline, alkaline-earthy, and earthy metals and metalloids, and 
the analysis of their compounds ; the second year, of the ordinary 
metals and the analyses of their natural and artificial compounds. 

From noon to 2 p.m. the pupils of the first year follow the . 
Course of Mineralogy, and those of the second year that of Geo- 
logy ; each of these is composed also of forty lectures. 

The same pupils follow, together and during the two years, 
the Course of Palaeontology, comprising twenty lectures each year. 

In the interval between the lectures, and in the afternoon, the 
students work, by turns, in the laboratory, and in the drawing- 
saloons. 

In the evening they have lessons in the English or German 
languages. 

The pupils of the third year follow three Courses ; the principal 
one, consisting of forty to forty-five lectures, of two hours each, 
relates to construction m general, and comprises more especially the 
establishment and working of railways. The two other Courses of 
twenty lectures each treat, one of administrative law and legislation 
as applied to mines ; the other, of the principles of agriculture and 
of drainage, as applications of the Course of Geology. 

In summer, the pupils are exercised the first year in drawing 
plans and in chemical analyses ; the second and third years in 
practical studies in the mines and works. Reports and memoirs 
have to be furnished by the pupils on these several subjects. 

Note. — Professor Bivot has published his Course of Assaying 
and Professor Couche, his Course of Construction and Working of 
Eailways. 

The other Courses are not published; but the "Traite de 
TExploitation des Mines," by M. Combes, formerly Professor of 
Exploitation and Machines, may be referred to. 



Some further information wiU also be found in the following 
note, supplied (through Mr. J. Arthur Phillips, of the Widnes 
Metal Company) by Professor Kivot. 

The programme of the course of instruction in the Ecole des 
Mines is not yet pubUshed, but it wiU soon be so ; meantime I 
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"re yon some details respeeting the admiBsion and the nnmber 
f pnpils. 

The greater Bnmher of the external pupils ]mss one year in the 
>raparatory course of general chetmgtry. mechanics and nmthe- 
naticSj deacriptiye geomelTy, carf^entryj physics, &c. Three pro- 
es?iors, each two lectures per week, lor six mootha. 

The candidates pass a prehniinary examination before an Inge- 
lieur des Mines, and afterwiiiida a limtl examination before the 
ihree profe^^^oi^ of the courg pr^paratoires. The knowledge re- 
quired is nearly the same as for admission to the Polytechnic School. 

At the end of the course there are held three examinations, at 
ntervals of fifteen days. Those who have less than twelre marks 
m an average are excluded ; those who have more than twelve are 
ladmitted to j>ass in November the examinations for admission in 
I that year. From thirty to thirty-five students are received annually 
to the eonrs preparatoires ; of these twenty to twenty-five obtain 
more than twelve marks at the examiuatiouB at the end of the comiie. 
During the year the student Ent^ineers enter directly, according 
[to tiieir rank at leaving the Ecole Poly technique, about three 
} Btudent Engineers per annum, 

i The external pupils are received by examination before a com- 
mission of professorsj named by the oouacil of the schooh The 
knowledge required is that of the cours preparatoires ; in substance 
all that is taught at the Ecole Polytechnique. Lately twenty-four 
external students have been received per annum, which I consider 
too many- 
There are also foreign students, five or six per annum, admitted 
at the request of their ambassadors, and without examination. It 
is for them to prepare themselves properly to follow the instruction 
vrith profit, 

I Student Engineei^, external pupils, and foreigners, are all treated 
alike as regards instruction, laborator}% di'awing, examinations. 
There are three years of studies and practical exercises. 
First and second year. — Lectures twice a day ; assaying, exploi- 
tation, metallurgy, mineralogy and paheontobgy ; laboratory and 
drawing alternately in series of three weeks from 15th November 
to 15th April; then examinations to the end of May, Those who 
have not twelve marks, on an average, are exchided. 

After the examinations of the first year, two months of kbora- 
tory, June and July, six weeks of study of plans, and a short jour- 
ney in France, 

'After the examinations of the second year, a tour in France or 
ftbroad for one hundred days. 

The third year, studies of railways, legislation, drainage, labo- 
ratory for two series of three and four weeks, analyses, notes of the 
journals and memoirs of the tours, projects of metallurgy and ex- 
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ploitation. Aftor the end of the course, in the month of May, 
examimitious on the three conrses, notes given for projects, joll^ 
naLs, memoirs, &c. Final classification. — ^All those who have not 
twelve marks, on an average, only receive a certificate of study, 
signed by the inspector of studies; those who have more than 
twelve obtain the diploma of Civil Engineer, signed by the minister. 
About filteen diplomas are given to the external pupUs each year. 

In addition to the external pupils and the foreigners there are 
some free students, who have permission to follow the courses and 
nothing more. (Signed) Eivot. 

fiee also the folloivinff Works. 

Institution et bnt de I'Ecole. Small 4to. 
Extrait des Reglements de I'Ecole Imperiale des Mines. 
Small 4to. 

Programmes des conditions d'adtnission aux £coles des Mines. 
Paris. Delalain. Small 8vo. 

Cours Preparatoires. Prograumie des conditions et des con- 
naissanees exigfes pour I'admission aux Cours Preparatoires. 8vo. 

Eleves exti mes. Prograumies des conditions et des connaia- 
sances exigees pour I'admission aux places d'Eleves extemes. 8?o. 

Form of Certificat d'Etudes. Small folio. 

Form of Brevet for Eleves extemes. Small folio. 

Articles on the School, in the ' American Journal of Mining,' 
August 8th and 15tb, 1868. Large folio. 

EcoLE Centrale des Arts et Manufactures.. 

A large amount of useful information on French educational 
institutions will be found in the Eeport of the French Commission 
of 18^)8 (Translation, p. 285 et seq.) 

The admirable account, written by M. Perdonnet, of the chief 
estjiblishment for training Civil Engineers, the Ecole Centrale, has 
such an important bearing on Engineering education that the fol- 
lowing large extracts are presented from it : — 

Account of the Central Imperial School op Arts and Manufactures. 

Object of the School. 

The Central School of Arts and Manufactures, founded in 1829 by three 
then youthful votaries of science, MM. Dumas, Peclet, and Ollivier, aided 
by M. Lavall^e, who zealously co-operated in the work, is not yet so 
highly appreciated as it ought to l)e. It plays, without any parade, 
a most important part in our educational system— a part still underrated by 
a great number of persons. It has quietly rendered signal services, and is 
destined to render still greater— a fact we will endeavour to demonstrate. 

In 1829 manufactures, thanks to several jears of profound peace, were 
beginning to assume great importance in France ; but to struggle against 
foreign competition, daily becoming more formidable, it was not enough to 
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possess good workmen and intelligent overseers, skilful engincci*ft were 
likeTvise wanted. The manufectnrers, moreover, felt the necessity of them- 
selves acquiring or of obtaining for their children tliat theoretical know- 
ledge without which they were unable, not only to direct their establish- 
monts themselves, but also to control the managers whom they enf^ngcd 
for the purpose. At that time there was no school where industrial 
science could be acquired. 

The Sorbonne, the Conservatory of Arts and Trades, the schools of 
Chalons and Angers, though very useful institutions, answered tlie pur- 
pose but very incompletely. They did not impart that accurate and 
profound instruction which is necessary for the directors of large manu- 
fecturing establishments and indispensable for Civil Engineers. 

The Schools of Arts and Trades supply our workshops "v^ith young men 
who promptly become excellent overseers ; but the theoretical studies are 
not sufficient to form skilful engineers. Some few remai'kablc men have 
indeed proceeded from these schools, but they were of the sort who 
will learn wherever they may be, and rise to celebrity just as well from 
the dust and smoke of the workshop as from the benches of a schoolroom. 

The Central School, therefore, cannot be compared for the services 
it renders either to the Sorbonne, or to the Conservatory of Arts and 
Trades, or to the other tochm'cal schools. It remains to be seen whetlier 
it is not an unnecessary duplicate of its elder sister, the Polytechnic 
School, and this question we will now examine. 

The Polytechnic School was founded at a time wlicn political revolu- 
tions had thrown scientific studies into the background. Its object was to 
give those studies new life, to impart a common direction to the labours of 
scientific men, to concentrate on one point efforts till then uncoimccted ; in 
short, to supply our corps of engineers, civil and military, with the well- 
taught recruits they so much needed. And it has nobly fulfilled its 
njission. The Schools of Mines, and of Bridges and Roads completed 
the work undertaken by the Polytechnic School. 

But the time required by the Polyteclmic School, including the prepara- 
tory and complementary studies, is seven years, whicli is much too long 
for candidates who are anxious to begin practice as soon as i)ossible. Tlie 
difficulties of the examination for admission also exclude a large proi)or- 
tion of candidates : the consequence is that the number admitted every 
year is very limited. It shuts its doors against many hundreds of young 
men whose minds, though little disposed for mathematical abstractions, are 
none the less capable of studying the applied sciences. More tlian half its 
pupils choose the military service, and of the other half a good part soon 
abandon the civil services to follow scientific pursuits. The Polytechnic 
School is therefore far from being able to satisfy the ever-increasing 
demands of industry. There is good reason to fear that if the pupils of the 
Polytechnic School were left free to choose between the posts offered by 
private industry and those reserved for them by the Government, the 
cleverest of them would give the preference to industry, wliich assures 
them positions, if not more honourable, at least more lil)erally remune- 
rated ; hence might result great prejudice to the State. The Government 
seems to be aware of this, for it has already forbidden its engineei-s to 
serve any other companies but those for railways. 

The Central School, therefore, supplies a manifest deficiency in our system 
of instruction. Its function is to educate our leading manufacturers and 
the directors of our great industrial establishments ; wliile tlie mission 
of the Polytechnic School is more especially to supply properly qualified 
recruits for the special corps. The success it obtained from the very first, 
a success every day increasing, sufficiently proves its immense usefulness. 
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NotwitliRtanding its high chai]f^^ and the fact that it does not, like the 
Polytechnic S(!hool, offer its pupils any assured position on the completion 
of their studies, the Central School has found, in presence of other 
establishments where' instruction is gratuitous, the number of candidates 
for admission constantly increasing, and to such an extent that not more 
than half of them can be received. The late treaties of conmierce hm 
rendered industrial education more necessary than ever. " If the Central 
School did not already exist," says M. Michel Chevalier, " it would have 
been indispensable to found one as a necessary complement of tiioge 
treaties.'' Moreover, it is a tradition in the school that its foundation was 
originated with a view to preparing French manufttcturers, by a somid 
education, to pass without any violent shock from a system almost 
prohibitive to one of limited protection. 

In all the branches of industry the pupils of the Central School have 
taken honourable positions. They stood in the first rank among the 
creators of railways, and some of them, notwithstanding the formidable 
competition of the Government Engineers, still hold important positions 
under the great companies. At Paris the chief engineers of the rollkg 
stock and locomotive department of four great companies (the Northern, 
the Orleans, the Eastern, and the Western) belong to. the Central School 
In the mining and metallurgical industries, in those of gas, spinning, 
dyeing, papOT making, plate glass manufacture, in the agricuItuTal arte, 
and. lastly, in all the mechanical and chemical industries, we find at 
the head of large estabhshments old pupils of the Central School, who 
have nearly all attached their names to important improvements in 
the processes they were charged to conduct. 

The above statement is fully proved by the following figures : — of the 
2,051 pupils who obtained on leaving the school tiie diploma of engineer 
or the certificate of capacity we have been able to obtam precise inform- 
ation resi)ecting 1,394 only. Of this last number we learn that 247 are 
dead, and that the 1,147 still living are distributed in different careers in 
the following manner :— 
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Eailways :— Directors and chief engineers, salaries from 

20,000 to 70,000 fr 28 

Principal engineers, salaries from 10,000 to 

20,000 fr 79 

Ordinary engineers, salary from 5,000 to 10,000 fr. 56 
Employed in various capacities . . . 157^ 

Civil engineers in general practice . . . . . , 166 

Ironmasters, workmg of mines, quarries, &c 124 

Manufacturers of cloth, cotton, linen, &c. .... 68 

Architects 55 

Mechanical engineers, establihhed 54 

Spinners 43 

Professors of applied sciences ....... 42 

Manufacturing chemists 38 

Agriculturists 37 

Contractors for public works ....... 35 

Managers of gas-works . . . . . . . .31 

Sugar-refiners 28 

Public functionaries ........ 26 

Manufacturers of glass, porcelain, &c. 23 

Engineers of bridges and roads in foreign countries ... 22 
Paper-makers . . . . . . . . . .17 

Surveyors of roads 17 

Total .... 1^146 
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Organ Imihn of the Tm/'hmg, 

organising tlio Central Sdiool its fonnders took for tbcir model iho 
old Polytechiiic Stihool (Central School of Public Worksj, with the modifi- 
cations required by the objctct they had in view. For instaDce, thoy 
excluded from the eumcnlTim overy thing connected with mathomatical 
theories of too high an order, exprience lia\'ing sliown that the said 
theories haye but few practical appbcations. 

At the Central School, as at the Polyt-eehnic^ the pnpilB are obligedj 
whatayer may be the career they have chosenj to attend all the courses and 
to pass Tery strict examinations. The yoimg men are thus prepared id 
follow almost any profeeaion. It is, in fact, by eo means unueual to see 
young engineeiB, on leaving this scho*>l, suc'-essfully pursue a different 
career from that originally chosen. At the Polytechnic School this gene- 
rality of instruction extends to the theoretical fitudieB only, since the 
piipils at the end of the three years' coiu^ are sent to one or other of tho 
special schools to complete their educ*ition. At the Central School the 
iiLHtruction is purely theoretical in the first year only ; in the second and 
third, theory and practice aiie blended. 

The founders c5f the Central School justly remarked in tiieir first pro- 
spectus " All the courses of the school reiilly form but one and tJio same ; 
industrial science is one \ every manufacturer must know the whole under 
pfiin of bein^ inferior to the riv^al who enters the lists better armed than 
liimsclf. Arts apparently widely differing from each other make use of 
analogous operations, yet often employ very different methods. Tho 
general education of the Central School teaches how to tTansfor into eacli 
|iToees8 of manufacture the improved methods used in others. It consc- 
quently tends to introduce mto industrial establishmcntB, and into the 
details of the processes or of the mechariisms, a degi-ee of perfection wliich 
secures the harmonious working and general success of the whole/' Tbia 
was a noble and proUfie thought ; it has produced abnnclant fruit 
Tho studies of tlie Central School may be thus briefly recapitulated 
In the first. year pupils follow tho course of descriptive geometry 
^ith applications; analysis, comprising the elements of the differential 
and integral calculus; cinematics, general mechanics, general physiaSj 
general chemist]^, coustructiou of mocbinee, and hyj^ieuica, 

lu the second and third year courses of apphed meclianics, construction 
and putting up of machines, analytical chemistry^ industrial and agri- 
cultural chemistry, constructions (civil huildinp, public works, and 
railways), applied physics and steam engines, metallurgy, mineralogy, 
geoloigy, and working of mines. 

The cour^ of construction of machinDs, which is very complete, as well 
as that of applied physics and steam engines, and the course of applied 
chemistry, are peculiar to the Central SchooL The teaching of mechauica 
is also conducted on a new plan, in a spirit essentially practical. 

An accurate idea of the education given at the Central School may be 
formed from an attentive study of the now programmes. Whoever reads 
them will admit that if they have not yet reached perfection, they never- 
theless present a well-ordered instruction useful to all who wish to pursue 
an industrial career, 

llie oral instniction of the Central School is judiciously completed liy 
imposing on the pupils numerous studies of projects, by manipulations in 
tlie lalwratoTy, l>y visiting workshops, by mineral ogical and geological 
excursions, and especially by frequent compulsory examinations, not only 
at the end of each year's studies, but also during the courses and at their 
. The pupils, in dniwing out projects and in chemical manipulations, 
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hoi^u to apply whnt thoy loam in each ootirse, and thus prepare fop 
tnoFd serioiia operation i>f prsictit^e. 

At first the council of tho school, when definitively classing the pupils ' 
ac'-cording to their madti?, took into account only the maf obiainetl at the 
final competitive oxftmination at the end of the third year, when each pupil 
had Uy present a project on a given etihject But ocperietice soon s^huwed 
that a pnpil who answered correctly the qTiestioiuB put at the exanainatioa 
was not imfrcxinently a yory indigent pnpil favoured by a luoky chimi'^ 
It was there tore decided that the average marks of the third year sliQiiid 
I JO added to those of the competition in appreciating the merits of the 
candidate. Ah piipila were often found to lie mmowhat negligent m 
the second year, it was suliscqueiitly deemed advisable to carry this 
priiietple bHU farther, and take into account the marks of the second year m 
awarding tlic diploma or certificate of ciipacity, and in assigning the pupil 
his place in the list published in the MonikMr. With all these precaa- 
tions, it is acarcely possible that there should be any great mistake in 
appreciating the merite of the pupils. 

This fact eoems to have lieen well nnderstood by mauufactareis^ 
for most of them re^piire candidates for employment to produce either 
a diploma or certificate, and m the latter is of less value than tbe fomer 
we every year see old pupils who have obtained certificates only, preasiit 
themselvei^ aji^wn to compete for the diploma. 

The number of pupils admitted to the Central School in its first year 
(1829) waa 147, but it fell to 45 in 1832, during the prevalence of the 
cholera, and has kept almost constantly increasing since. In 1840 it wss 
125; in 1845, 152^ in 1855, 220 ; and from 1855 to 1SI33 it has ranged 
from 2CX) to 220. This last number is a limit we have never attemptoi 
to exceed, owing to want of room and other reasons. 

Nothing can so well deinonstratie the excellence of a mode of teaching 
aa the results obtained, and tliese we have set forth as clearly as we coiiJtL 
It is interesting to comjmTe the eysteni of teaching at the Gentml School 
of Arts and Manufactures with that at the Polytechnic Schools of Germaiiy 
and Switzerland- We will endeavour to make this comparison as concisely 
as possible. 

The Polytechnic Schools of Germany and Switzerland (Hanover, BruEB* 
wick, Berlin, Dresden, Prague, Vienna, Munich, Stuttgart, CarLsruhe, mi 
Zurich), are real technical faculties. The Zurich school is even more than 
that, since it has courses of political science, Ac. The number of ceur^ 
is considerable; they are extremely Tariedj and for the mf>3t part professed 
by very learned and talentfd men. 

The pupila of all those schools are in no instaEoe lodged and Ixjarded oti 
the premises- They are subdivided into amlitors, or pupils who attend oflljf 
such lectures as they choosej and regular pupils, who are obliged to attend 
a certain series of courseH constituting a complete technical education, such 
as is required for builders, mechanieians, chemist^s, iki\ \ they also have to 
perform certain practical esercisea in the chemical laboratory and work- 
jshops; in some places (as at Dres<:len and BerliUi for instance), they 
have to coaso their theoretical studies for a time and leave the school 
to work under practical men, before they can enter on the concluding 
portion of their instruction at the schools. None of these Polytechnic 
Schools, except that of Zurich, grant diplomas to their pupils. 

If we compare the programmes of tliese schools with that of the Central 
School, we shall find them very much alike as regards theoretical teaching; 
but as to applications a great difference exists. 

The examinations on admission are much less formidable in the German 
Bchook than thuee which the pupils of the French Polytechnic School, 



those of tbe Central School, have to pofis. When adimtted, the pupik 
oy much greater liberty than in the iMt- named schools, and have not to 
through so fret iiient cxamitmtions. 

Lastly^ tho pupils are obliged to attend only those courses which relate 
to the profession they hftTO chosen. At the Ziirich school tho discipline is 
nearly the same as in our HchoolR, hut^ as in Gc^rniany, the pupik are not 
compelled to follow any courses but those of their specialty. 

The question may fairly be asked whether the severe exanimatione 
imposed on the pupils of the CJentml School before their admission and 
dnxing the studies are really useful We arc fully conTinced that they aro 
beneficial, and are persimded that sooner or later they will be also imposed 
in the German schools ae they have alreatly been at Ziirich. 

In soEQe of the Gennau schools and at Ztirich, the profeeeors are 
occupied a g:reat mmy hours* In France, on the contrary, they give only 
a email number of lessons, so that thoy have time for practical studies. 
Although the discoTeriee which a theoretical professor may make in pure 
ecience greatly contribute to the dignity of his teaching, the factories, 
macliines and works of art which a professor of the npxjlied sciences has 
produced, hat^e an iofluence equally great on his pupils. The confidence 
of the auditory is proportionod tc) the estfmate iu whioli the professor is 
held by pnbhc opinion, and this is always measured by the service rendered 
or the impulse given to tho ideas of tho time. The Central School has 
always been most careful to choose professors whose authority doubles the 
force of tiieir words and the ftiiit of their lessons. 

The Central School is distinguished from the other French professional 
schools and from the Polytechnic, inasmuch as it admits pupils of all 
coimtries on tho same footing as the natives of Fiance, It is truly an 
international and cosmopolitan establishment. The Jiuml)er of foreign 
pupils hafi been and still is considertible. 

In opening its door to foreign pupils, who have amounted to about 
one-third the number of the French, the school not only consulted its own 
prosperity, but also adopted a patriotic course beneficial to France, No 
one can fail to see the advantage that must accrue to our country from the 
bonds of union formed between these joung foreigners and their French 
companions during the tturee years' study, an intimacy often ripening into 
lifelong friendship. 

1^ Bistoriixd Metrospect and Cmdu&im, 

The success of the Central School is a very remarkable proof of the 
power of private enterprise. In a few years, notwithBtanding the terrible 
ravages of the cholera in the Central School had so far prospered as 
to rSak with our mo&t usefuJ institutions. It is really astonishing that 
such important results were obtained with so small a capital, the total 
outlay not having exceeded 200,000 fr. 

It 3JB only fair to state that the first professors joined in the enterpriso 
with a zeal w^hich the State would not^ perhaps, have obtained ; for many 
years they labanred indefatigahly, and were content with a very moderate 
eaJary, considering the number of hours occupied and their high pro- 
fessional reputation. To this zeal for tho prosperity of tho school, to the 
earnestness of their language^ and to the sincerity of their aifeetion for the 
pupils, were the first professors indebted for the success and durabiUty of 
their work. 

irowever, that lai-ge establishnaents lifce the Central School cannot, 
without inconvemence, be left in the hands of speculators^ as there would 
always be reason to fmv that the excellence of the teaching might be 
sacrificed to the desire of realising the gi-eatest i>ossiblo profits in the 
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iliartafit po^ble time- For instance, that the Polyteclmic School and 
Bobools of Iaw and Medicme would have been well placed in the hands of 
speciilatorfi? We may be allowed to doubt the fact. Now the ('entral 
f^hool is nowiae jnlbrior to those institntions ; it is the great scliod 
of industry. Ana. Perdoitj^et. 

Ib a general gnmmaiy of the whole subject the Commissioa say : — 

With regard to technical instruction properly bo called^ the imporiiiiice 
of the highest order of mstitutions, eiich ps the Paris Central School of 
Arts and Manufactures, the Polytechnic InstitnteB of Gemiany, the 
Sc'hoolB of Ponts et ChauW^ and of Mines, which admit ont-door popilSi 
haa been abundantly manifested by the different reports which have loada 
known their internal organiKation, their tecbnical divisions, their pro- 
grammes, and the test« applied to ajacertain what the pupils have learned 
finem ^eir studies. Puhlie notoriety and the active part taken by the 
popils of the Paris Central School in the progress of onr industry and in 
the deTelopment of puhUc works, are proofs too evident for any doubt to 
remain m to the utility of such establishmetits, and the great diffusion of 
tliem ill Germany forbids Franco to be content with the state of tMngi 
existing within her borders. 

See aha the foliomnff WorU. 

Programme deg Conditions d* Admission a FEcole Imp^nale Cen- 
trale dea Arts et Manufactures. Annee 1868, Parisj DeMun. 
Small 8vo. 

Programme im Conditioiis ponr FAdmission des ©eves I8C81 
8vo. 

Programme dea Cours I'*, 2", 3^ annee, Paris, GantMer-Tillara, 
1867. 

Iietter from M. J> Petiet (Director of the School). " A Mes- 
sieurs la** Anciens Eleves de TEcole Centrale dee Arts et Manufac- 
tures." With Pieces Justificativea." Paris, June, 1868. 

ECOLES d'AbTS et MeTIEES 

(At Aix, Angers, and Chalons-sur-Mame). 
See tJisfdhwing Works, 
Prospectus. 4to. 

Imperial Decree ; with circular Letter from the Minister to the 
Prefects of the Departments. March, 1866. 4to, 

Arrete, by the Secretaiy of StatOj with further regulations, 
18 Dec., 1866, 

Programme des Conditions d* Admission aux Ecoles Imperialea 
d'Arte et Metiers, Paris. Delalain* 

EcoLE d'Applioation du G^nie Mabitimb. 
See the folhwing Work. 

Eeglement ooncemant le Service Interieur de TEcole Imperiale 
d* Application du Genie Maritime. Small foho. 



ficoLE Ceni:eale d'Ahchitecttoe, Paris* 



Sm the folUxdng WorK 

Begime et Programme de rEnseigncment. Parifl. 1865. 
TMs appears to be a prospectus issued in anticipation of tho 
pening of the scbool, which was announced for Uie 10 th Novem- 
r, 1865. No mention is made of any connection with the Govem- 
ent* 

CONSEKViTOlRE DES ArTS ET MfcTIEItS. 

Although this is not Btrictly connected mth Engineering, the 
bUowing acGoimt, given by the French Commission^ shows that it 
aids inaterifllly in promoting practical knowledge in many mecha- 
nical miitters : 

The oral teacMug of tho ComerTatDry of Arte and Tradca is excliiBively 
devoted to ecience applied to inclustry ; it addresses m audience for tbe 
most part composed of apprcnticcSj foremen, and workmen already in- 
structed ; but besides thtsse there are also some few foreign profeesors and 
Inany persons who take an interest in the progress of techQolof!:y. These 
ubfic and gratuitous courses thus open, with a hberality truly French, to 
th natiyes and foreigners, constitute a free instruction analogous to tlie 
ctiires at the Sorlxinne, the College of France, and the Museum of 
Katural History. Its object is rather the appUcatioTis of science than 
Bcicnce it^lf properly so called ; but it must nevertheless advance iniri 
jp(mm with the latter, and the unequal character of the audience to whom 
It is addressed involves a sj^ecial difficulty for the professors much greater 
than may be generally supposed. 

To expound the priucipieH of descriptive geometry and of mechanics, as 
weU as their applications, without having recourse to scientific formulse of 
an order too high for the generality of tlie hearers ; to deduce from a few 
general' elements and observed facts the laws of natural phenomena, and 
tbcnce infer the rational processes to be followed iu the practice of the 
arts; to render strictly scientific instruction intelhgible to the average 
mind in a simple manner without using calculations or reasoning too 
hard to compreneud;— these are difficulties of wiiieh scientific adepts who 
have never made the experiment can have little conception. This, how- 
ever, is a condition that must be satisfied under pain of falling into a 
mode of teaching without fixed principles, or into one, equally inju- 
dicious, of too dogmatical expositions, bristling with calculations and 
formuliB which wonJd drive away hearers uprepared to receive them 
or already engaged in the actual practice of their trades. Such of the 
professors as have bec^n attached to the Polytechnic School, to the schools 
of application for artillery and engineering to the Central School, &c., 
where the professors can join to the simplest methods all the scientific 
resources of the highest order, have unanimously acknowledged, from 
their own experience, how much more difficult it is to teach in a clear, 
simple, and rigorous manner at theConser\'atory thaninthe establishments 
above mentioned, 

To tliis difficulty, which certdu courses cannot altogether escai^e, must 
bo added, at the Conservatory, that of keeping the instruction on a level 
bwith all the improvements constantly being made in science and its appli* 
r cations, as well in France as abroad. In this respect, and owing to this 
necesfiitXi the lectures here given are among the most progressive in the 
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world ; this fact is so well known that they are attended by a great number 
of yoxing foreigners of all classes, and especially by yonng men who are 
preparing to become professors. 

Schools at Mulhausen. 
See the following Works. 

Notice sur les Ecoles de Mulhouse ; redigee d'apres des Notes 
reuuies par le Comite d'Utilite publique de la Societe industrielle. 
Paris, Lacroix, 1867. 8vo. 

This work contains accounts of the following schools : 

£cole primaire commnnale. Gours populaires, on classes d'adnltes. 

Ecole professionelle. 

College communal. 

Ecole preparatoire a Tenseignement des Sciences et des Lettres 
(Ecole supeneure des Sciences appliquees). 
Ecole Israelite d'Arts et Metiers. 
Ecole de Tissage mecanique. 
Ecole de Filature. 
Ecole superieure de Commerce. 
Ecole de dessin. 

Prospectus of the Ecole Professionelle de Mulhouse. 4to. 

Ecole des Mineubs de St. Etienne. 
See the following WorJea. 

Prospectus. Svo. 
Ditto. 4to., 1866. 



Keference may also be made to the following : — 

WOBKS ON general SUBJECTS CONNECTED WITH FbBNCH 
TECHNICAL EDUCATION. 

De rorganisation de renseignement industriel et de I'enseigne- 
ment professionel. Par M. le General Morin, Directeur, et M. 
Tresca, sous Directeur, du Conservatoire Imperial des Arts et Me- 
tiers. Paris. Chaix, 1862. 

Eapport sur rorganisation de Tenseignement industriel en Alle- 
magne et en Suisse. Juin, 1864. Paris, Imprimerie Imperiale, 1865. 

(A translation of this has been presented to the English Parlia- 
ment and published as a Blue Book. 1869, No. 22,925). 

Conmiission de Tenseignement Technique, Eapport et Notes. 
Paris, Imprimerie Imperiale, 1865. (This is also published in an 
English Blue Book with the evidence. 1868, Nos. 20,605 and 
20,605 a). 

Programme d'examen du Baccalaureat a Sciences complet. 
Paris, Delalain. 
AH these are in the Library of the Institution. 
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In regard to Engineering education in Belgium, an important 
memorandum has been sent by Mr. Barlet, on behalf of the 
Inspector-General in the oflSce of the Minister of Public Works, at 
Brussels. The following is a translation : 

The Government has organized the professional education in 
Belgium in such manner as to form a general system of instruc- 
tion, allowing the young men destined to become Engineers to 
acquire successively the elementary and the special knowledge 
wluch they require. With this object the Eoyal Schools (Athenees) 
instituted in the different provinces of the langdom comprise each 
a professional section, the principal object of which is the teaching 
of the sciences, and in which the studies are organized in such 
a manner that, on leaving these estabHshments, the pupils are in a 
position to undergo the examination required for admission to one 
of the three Special Schools which the Government possess in the 
country, namely — 

The "Ecole du Genie Civil," at Ghent; the Mihtary School, 
at Brussels ; the School of Mines, at Liege. 

The programme of the examination for admission is the same 
for these three Schools, and will be found at page 105 of the pub- 
lished programme. 

Ecole du Genie Civil 

This School is annexed to the University of Ghent, which is one 
of the two Universities estabUshed in Belgium at the cost of 
the State. 

It comprises various sections, which are attended respectively by 
the pupils who have in view the obtaining of one of the following 
diplomas : — 

1. That of Honorary Engineer of Fonts et Chaussdes. 

2. That of Honorary Coriductor of Fonts et Chaussees. 

3. That of Civil Engineer. 

4. That of Engineer- Architect, 

A school of Arts and Manufactures is also annexed to the 
University of Ghent ; the students who have passed the examina- 
tions of this school obtain the diploma of Industrial-Engineer, 
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Organization ofihe Seciion of Hie &ok du^Ghiie Ctvil^ desigmi 
for tite trainifig of En^iiieerB of Fonts et Olmmsee^. 

This section is divided into two Schools^ which the pupils attend 
sacoee^vely, namely, the Preparatory and the Special Scnook, 

The Preparatory Schod^ which is analogons to the Polytechnic 
School of France, embraces mider its code of iostnictioB all the 
theoretical knowledge necessary for the preparation to the 
Bpocial studies. The programme will be fonnd at pages 39 to 59 
of the work named at the end of these notes. 

At the end of each year the students undergo an examination 
on tlie whole course passed through in that year. 

The Special ScJiool comprises three years' stody ; the instruc- 
tion given therein is boUi theoretical and practieah The theoreti- 
cal instruction is giyen at the Sch<x)l during the winter months ; 
the programme will be found in the work named at the end of 
these Botes, pa^ea 61 to 78, 

An oxamination is held at the end of each year, 

A speciiil course of Bail ways was instituted at the Special School 
by a ministerial decree of the 20 Sept,, 1867; the programme is 
given in an addendum to the published progi-amme of the School, 
(bound therewith, in the hbrary of the institution) : it is included 
m the esaminationSj on leaving the BchooL 

The summer months of the three years are appropriated to the 
practical instruction of the students. With this view they are sent 
to the constructive works carried on by the State, and placed under 
the direction of the Engineers of Fonts et Chauas&s, They have 
to prepare every year a report on the works where they are 
stationed, and the merit of this work is taken accomit of in the 
examinations which they successively undergo for their final 
diploma. 

This section of the School is almost exclusively attended by 
young men destined to enter the service of Government in the 
quality of Engineer, either ia the Corps of Pouts et Chatisa^eSj or 
in the administration of the railways of the State, ^ 

Organization of the Section of the Ecole GSnie Civil designea 
for tJw training of Conductors of Fonts et CJmassees. 

This section of the Scbool comprises only two years of stndy, 
one in the Preparatoryj and one in the Special School. 

DuriDg the first year the students receive merely theoretical 
instruction ; the programme will be found in the printed Syllabus^ 
papjGs 79 and SiK 

The summer of the second year is devoted to teaching certain 
special courses (see Programme, pp. 81, 82), and during this tima 
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6 papils are sent to tlie constnictive works of the State to 
mre practical esprieoce. 

An examination m required for entrance into this section of the 
School (see Programmej p. 121), and after each year of study the 
upil-condnctors mnst undergo an examinination on the subjectB 
~ed during the year. 



Organ kation of the Studies for oUaining the Diphrm of Civil 

Engineer, 

Young men who wish to obtain the diploma of Ciyil Engineer 
are admitted into the section of the Special Scrhool, which has been 
instituted to that effectj after having passed an examinatioiij of 
which the substance will be found on page 125 of the Pro- 
gramme. 

Generally, before going through this esaminationj they follow 
for a certain time the course of the Preparatory School of tbe 
section of Ponts et ChansseeSj in order to gain the knowledge 
required for the admission-examiuatiou. 

The duration of the studies for this section of the School is 
two years ; during the winter of which the students are taught 
the subjects mentioned in pages 81 to 84^ which form the object 
I of the two examinations they successively undergo, 

During the summer of each year they are authorized to follow 
the constructive works of the State, along with the student- 
engineers and conductors of the Ponts et Chausaees, 

This section of the School is attended^ for the most part by 
young foreigners. 



Sketch of the Organization of the Studies for oUaimng the ; 
Diphnia of Engineer-Arehiteet 

This section of the School comprises two years of studies at the 
Special School ; but aa the programme of the examination for 
admission required from the students (p. 129 of the SyUabtis) 
contains matters which are not taught in the establishment of 
middle class education of the country, they are ohhged to follow, 
dining one year at least, the course of the Prepajatory School 
of the section of Ponts et Chaussees. 

The subjecta taught during the winter of the two years which 
tlie student Engineer-Architeeta pass at the Special School will be 
found at pages 87 to 91 of the published programme ; these 
Bubjccts form part of the two examinatiouB required of tho 
students for obtaining the final diploma. 



SGhool of AtU and Manufactures. 

1Mb School comprises three years of stndieSj one at the Pre 
tory School, where the instruction is exclusively theoretical, 
two at the Sfjecial School, where the theoretical instruction is gmn 
during the winter months ; the sunmier being devoted to visiting 
the industrial establishments of the country, and to the premm- 
tion of designs for industrial constructions, which the pupils elabo- 
rate under the direction of their professors. 

Besides the test for admission to the Preparatory School of 
Arts and Mannfactures (see page 137 of the Progiamrae), an ex- 
amination is requii'ed at the end of each y^ of stndy, having 
reference to the subjects taught during the year, and which are 
indicated at pages 93, 95 and 101- 

Note. — The published Programme or Syllabus referred to in the 
foregoing notes, and which contains tJl the auhjeets of the various 
courses and examinations, set out in very great detail, wiU he 
found in the Ubrary of the Institution, and is entitled Ecolm 
preparutoires et speciales du Genie Ciyil et des Arts et Manufactures 
annexees a rUniyersit^ de Gand, Dispoeitions organiques et 
reglementaires. Progranunes geniraux et programmes detaiUes 
a I'enseignement. BmxelleSj Imprimerie de Deltombej 1862." 

The organization of the School of Mines, of Arts and Mauufac- 
tureSj and of Mechanicians, at Ldege, is based on the same principk. 
The deTelopments of this organization mil he ibund in the took 
sent. 

This also is in the hbrary of the Institution, and is entitled 
" Eeolea Speciales des Arts et Manufactures et des Mines, amiexees 
a rUniyerBite de Liege. Dispositions, organitiues et reglementairei. 
Prograinmes generaux et progranimes d^taillees. Bruxelles, Im- 
primerie de Deltombe. 1864/* 

In addition to the Schools established at liege and at Ghent» 
by the Government, for the training of Engineers destined for tb® 
public administration and private industry, there exists at Moi^ 
a school destined to form Engineers for the vrorking of coal, 0^ 
important in that neighbourhood, and for the other branches o* 
industry. 

This School receives a subsidy &om the city of Hons, of eom^ 
thousands of francs, and the remainder of the expense is supporto^i 
half by the Goyemment and hall" by the province. 

The courses and programmes of this School are contained in th^ 
brochure sent herewith. (This is in the Institution Hbrary, and i^ 
entitled " Ecole provincialo dTndustrie et des Mines du Hainaut 5 



BELGIUM. 



75 



6tablie sons la direction de Tadmiiiistration provinciale, Bue des 
TJrsulines, a Mons. Programme des Conrs. Mons, de I'lmprime- 
riedeMonjot. 1863.) 

oonrses are aided by information drawn from books of 
yarions kinds, selected and completed by the professor. 

At the end of the third year of study, only those students are 
allowed to compete who have satisfied all the tests of examina- 
tion and design which have been imposed on them during the 
three years. 

The final competition consists in the study either of the 
manufacture of some chemical product, or of the working of a 
manufiactory or a mine, or of some constructive work, of which 
the pupils must furnish all the designs and indicate all the 
conditions, both theoretical and practical. 

If the design is approved, the student is admitted to the public 
examination, and receives a certificate of capacity. This, however, 
is only a simple recommendation, and gives no right to any 
position. 



Another copy of the Syllabus of the Ghent Schools has also 
been received from M. Cliarles Andries, Engineer of Fonts et 
Chaussees, and Inspector of the Studies at the said Schools. He 
adds, in his covering letter, the following remarks : 

The instruction is both theoretical and practical ; the latter is 
not obtained, as in England, by a permanent apprenticeship with 
an engineer. 

" I may add that in Belgium the law does not forbid the title of 
engmeer being assumed wiSiont having obtained a diploma." 



In reference to this ©Qontry copioiis tnfonnatioE has been fnr- 
iiisLed (throngli Mr. Campbell, of tiie Bayal library at the Hague) 
in a document drnwii spmsHy for the InstitTition by Dr. T. Bosaclm, 
GoTemment Lispector of Lnstraction^ and of which the foUowing 
is a translation : 

L The present system of edncation for engines in the Neth 
lands was established by the law of 2nd May, 1863 (Staatsb 
No. 50). 

Arts. 39-43 of this law (vide Appendix, No. 1) treat of the Poly- 
technic School, or Government School for the Engineering Sciences 

Arts. 58-67 of the examinations for ohtmning a diploma 
engineer. 

Arts. 15-22, 26-31,55-58, on the ffigherBnrgher Schools, 
too, immediate reference to the edncation of engineers, m the p 
paratory studies of the pupils of the Polytechnic School are carried 
on at the Higher Burgher Schools. 

The relative position of the director, professors, and students at 
the Polytechnic School was fixed by a royal decree, 30th June, 
1864 (Staatsblad, No. 81 ; vide Appendix, No, 2). 

That of the director, masters, and pupQg of the GoYermnejit 
Burgher Schools by royal decree, 30th August, 1864 (vide Appen- 
dix, No. 3). 

In the Netherlands any one who pl^es is perfectly at liberty to 
exercise the profession of engineer, architect, mechanical engineer, 
nr engmeer for the mines. Anybody, too, who chooses may style 
himj^elf engineer, architect, &c. ; but no Governme}d difhma con- 
ferring such title is granted except to those who hove passed the 
regular examinations required by law {vide Query IIIO- 

All engineers in the Govenimeiit service, for the Pontg ©t 
Chauas^es and the mines in India, must be duly qualified by 
above-mentioned diploma. 

II. The engineering science (exclusive of military engineering) 
are only taught at one school in the Netherlands, viz., the Poly- 
technic School at Delft, a Government establishment, and main- 
tained solely at the Government expense. 
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According to the kst budget the arninal expenses are — 

Profe^rs and Masters * . , 7(),2ii0fi. 

Bmldmgs, instruments, Hhraryj &c, . . . • 24,000 

94,250 

Tiie higher Bnrgher Sehools, giving a preparatory conrse of etndy 
for the Polytechnic School, are either Government or Municipal 
Bchoolo. 

There are Government Schools at Tilburg, Boia-le-Duc, Hel- 
jnond, Zalt-Bommel, Gonda, Alkmaar, Middleburg, Zwolle, Leeu- 
*warclen, Groningen, Sappemeer, Warffum, Assen^ Utrecht, Boer- 
mond. 

Some of these schools open in September of the present year. 

The snm required for these Government Schools may bo esti- 
mated at 320,000 florins a year. 

There are Municipal Higher Burgher Schools in the foUoimg 
towns : — Breda, Arnheim, Nymwegen, Zntphen, the Hague, Kot- 
terdam, Leiden, Dordrecht, Delft, Amsterdam, Harlem, Zaandamj 
Goes, Sneek, ^rliogen, Deventer, Enschedoj Veendam, Maestricht, 
Venlo, 

The annual subsidies granted hy Government to these schools 
amount to about 140,000 florins. 

The Higher Burgher Schools cost the treasury thus altogether 
460,000 florins per annum. 

This snm must not be considered as exclusively devoted to the 
education of engineer^?. As will be seen from what follows below, 
the Higher Burgher Schools are intended for the general instruc- 
tion of all those who are not destined for the learned professions, 
requiring a strictly tmiversity education. 

ni. It has already been remarked that no regular examination 
nor prescribed course of study is required for lie exereifle of the 
profession of engineer. 

Those, however, who wish to obtain a diploma mnst follow a 
fixed course of study in order to prepare themselves for the exami- 
nations they will have to pass. 

Goyernment diplomas are given for Technology, Civil Engineer^ 
Architect, Naval Engineer (ship-biiilding), Mechanical Engineer^ 
Engineer for the Mines (metallurgy). 

These diplomas are granted on passing various examinations, 
namely; 

a. A general examination (called examination A) in the dif- 
ferent branches taught at the Higher Bnrgher Schoolsj 
servmg to prove the candidate a proficiency in all the pre- 
paratory studies. 
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b. ExaminatioiiB in the engineering scienoes themselves, dif- 
fering according to the diploma demanded by the candidate, 
as for 

1 . Technology : an examination in 

a. Spherical trigonometry and the principles of analytical 
geometry. 

I. The elements of descriptive geometry. 

c. The elements of theoretical and applied mechanics and 
knowledge of machinery. 

d. Badiments of mechanical technology. 

e. Application of physics. 
/. Applied and analytical chemistry. 

0. Cnemical technology. 

h. Architecture, as fiu: as regards the knowledge of bmldiiig 
materials and the construction of ordinary bmldings. 

1. Ordinary and ornamental drawing. 

2. Civil Engineer. Two examinations, namely, an examinatioii j. 

(called examination B) in 

a. Higher algebra. 

h. Spherical trigonometry and analytical geometry. 

c. Descriptive geometry. 

d. Differential and integral calculus. 

e. Application of physics. 

/. Analytical chemistry in relation to building materials. 

g. The Knowledge of building materials for architectural a*^^ 
hydraulic works. 

h. The construction of the various parts of buildings. 

i. Plain architectural and hydraulic as well as ordinary drawi^S* 

An examination (called examination C) in 

a. Theoretical and applied mechanics and the knowledge ^ 

machinery. 
K Hydraulic architecture, comprising — 

1. The construction of roads, railways, and bridges. 

2. Sc^a-dykes and embankments. , 
8. The knowledge of rivers as means of drainage and ^ 

relation to navigation. 

4. Tho construction of canals, sluices, harbours, and 
time works. 

5. Tho hydrography of the Netherlands, the knowledge 
polders and mulnirainage. 

(J. Domoatio architecture, comprising — 

1. Tho ooustruction of plain buildings. 

2. Tho priuoijJoa of omumontal architecture. 
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(Z. Topographical, ornamental, and ordinary drawing, as well 
as me drawing of objects required in hydraulic works. 

e. The drawing up of plans and estimates. 

/. The elements of geodesy and practical levelling and sur- 
veying. 

g. Administrative law, relating to engineering and public works. 

3. Archited. Two examinations ; the first of which (called ex- 

amination B) is the same as examination B for civil engineers, 
and the second (termed examination C) comprising — 

a. The branches of study a—e of examination C for civil 
engineers. 

h, PLain and ornamental architecture, in all their bearings, and 
comprehending 

c. Hydrauhc architecture, as fiir as relates to roadways, bridges, 
sluices, and embankments. 

d. Theoretical- and practical levelling and surveying. 

e. Architectural, ornamental, and ordinary drawing. 
/. Administrative law, relating to pubUc works. 

4. Naval Architects (ship-building and engineers). Two exami- 

nations ; the first (called examination B) in 

a. Higher algebra. 

h. Spherical trigonometry and analytical geometry. 
<?. Descriptive geometry. 

d. Differential and integral calculus. 

e. Applied physics. 

/. Analytical chemistry, relating to the materials for ship- 
building. 

g. Knowledge of the materials employed in ship-building. 

h. The rudiments of naval and ordinary drawing. 

The second examination (called examination C) in 

a. Theoretical and appUed mechanics, and the knowledge of 

machinery. 
6. Drawing of machinery. 

c. Naval architecture and designing of ships. 

d. Hydrauhc architecture and drawings relating to works con- 
nected with navigation. 

5. Mechanical Engineer, Two examinations ; the first (called 
examination B) in 

a. Higher algebra. 

i. Spherical trigonometry and analytical geometry. 

c. Descriptive geometry. 

d. Differential and integral calculus. 
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e. Application of physics. 

Aoialytical chemistry, relating to materials for machinery. 

The second examination fcaUod examination C> in 

a. Theoretical and apphed mechanics and the knowledge of 
machinery, 

h. Mechanical technology and the constmcfion of machines, 
<?, Architecture, as far m relates to the knowledge of cmte- 
rials and the constniction of ordinary buildings, 

d. Ordinary drawing and designing of machiiiery, 

e. Administratiye laws rekting to manufactories and imcliiiies. 

6, Engineer for tJie Mines. Two examinations ; the first (called 
examination B) in 

a. Higher algebra. 

K Spherical trigonometry and analytical geometry, 

c. DeBcriptive geometry, 
Difierential and integral calculus. 

e. AppKeation of nattural science— physics. 
fr Minenilogy. 

The second examination (called examination C) in 

a. Theoretical and apphed mechanics and the knowledge of 
machinery. 

h. Architecture, an far as relates to the knowledge of matori^^ 

and the construction of ordinary buildings. 
<5, Theoretical and practical surveying and leyelling, 

d. (xeology and its applications. 

e. Working of mines. 
/ Tcstmg of ore and docinmcy. 

Metallurgy. 
h. Drawing of machinery, 
i AdministratiTO laws relating to mining. 

IV. On referring to No* II. it will be seen that there is hut O 
Polytechnic School in the Netherlands. No hgt of estabh^hmeX*^ 1 
for engineering education is to be giyenj unless comprising the pr'^^ 
faratory sgIiooU^ already mentioned mh No. 11,, and which 
again referred to in the appendix to this paper*^ ^ j 

According to the system of examinations, descrihed above | 
No. III., the instruction at the Polytechnic School is snbdiviJ^^ 
into a biennial conree of studies for each examination, except €<>^ 
technology, which requires a three years' term. 

Hence a three years' term of study is required for teehnolo^^ 
and four years for the other engineers. 
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The course of studies for the different branches is given in de- 
ail in the programme of the lessons (Appendix, No. 4). (B 1 refers 
students in their first year ; B 2 to students of the second year ; 
3 1 to those of the third ; and C 2 to those of the fourth year.) 

The students at the Polytechnic School are quite free and on 
fee same footing as at the universities. The professors give their 
lectures, and by letting the students respond fi"om time to time 
they are enabled to see if they have made themselves perfectly un- 
derstood. In the laboratory for chemistry and natural sciences the 
students practise analytical chemistry and experimental philosophy. 
An exceUently-arranged workshop affords them the opportunity of 
earning to handle tools, to use the turning-lathe, &c., and to con- 
'tmct models of machines. The professors of mechanical tech- 
ology and the construction of machinery accompany the students 
^ visits to the principal manufactories and works ; the professor 

geodesy practises surveying with the students in the environs 

the town ; the professors of architecture and mineralogy make 
casionally scientific excursions into foreign countries accompanied 

some of the students. 

Officially no text-books are indicated. Every professor has liberty 
foUow his own plan and method of instruction. In the Govern- 
-nt Eeports on Higher, Secondary, and Primary Instruction, sub- 
tted to the States-General in 1864-5 and 1865-6, some details 
^ given concerning the extent of each course of study, and men- 
H is made of some of the works followed by the professors, as 

**Traite do Geometric descriptive," by Leroy. 

Analytische Geometric," by 0. Fort. 

Lemons de Geometric analytique," by Lefebure de Foucy. 

Lemons de Geometrie analytique," by Briot and Bouquet. 

Lobatto, Leerboek der regtlynige und Sphaerische trigonome- 
«." 

Cours d'analyse," by Sturm. 
Trait6 de Mecanique rationnelle," by Delaunay. 
" Traite de la Chaleur," by Piclet. 

"Cursus vas Waterbouerkunde" (hydraulic architecture), by 
iorm Buysing. 

" Ornamenten-Schule," by Botticher. 
" Tectonik der Hellenen," by Botticher. 

VI. On the subject of diplomas all that was necessary has been 
ated 8vh Nos. I. and III. 

VII. Pupilage is not practised in the Netherlands. 

VIII. Keports : Government Eeports on the state of Higher^ 
econdary, and Primary Instruction in the Netherlands in 1864-5 
ad 1865-6. 

G 
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The Polytechnic^ and Higher Burgher Schools were established 
in 1864 , therefore nothing is to be found about them in Govern- 
ment Eeports of earUer date. The Beport for 1866-7 has not been 
published at the present date. 

Information regarding the development of secondary instruction 
in the Netherlands since 1863 is to be found in the following paper : 

" Overzicht vas het Middelbaar Onderwijs hij het einde vas 
1867, door Dr. D. J. Steyn Parve," from the "Economist," March 
and April, 1868, and subjoined as Appendix No. 5. 



Additional Note on the Higher Bwgher Schools, 

Higher Burgher Schools are establishments at which boys, after 
a course of primary instruction, may continue their studies until 
fitted for every-day life, or fully prepared for the special study of 
some profession, as engineer, the civu service in India, or cadetship 
in the army. 

Pupils mostly begin their studies at the Higher Burgher Schools 
between twelve and thirteen years of age. 

A complete course of studies at a ffigher Burgher School com- 
prises a term of five years, so that pupils generally leave the school 
at about eighteen years of age. 

In some smaller towns there are Higher Burgher Schools, ^rith 
only three classes, each for one year s study. These three classes 
are identical with the three lower classes of a school with a five 
years' course of study. Hence pupils of these smaller schools 
must attend the two higher classes of the complete school, each 
for one year's term, before passing the final exammation. 

These smaller schools serve in some measure to provide for the 
want of instruction experienced in places that cannot afford the 
expense of a larger school. 

The subjoined syllabus (p. 83) of the lessons at a Higher 
Burgher School with five classes, only allowing for some few 
immaterial deviations occasioned by local circumstances, is gene- 
rally followed. 

The programmes of the schools are drawn up every year. Ex- 
amples of them are offered in Appendix No. 6, in those of three 
schools, from which may be seen that liberty is allowed to vary 
the coxirse of study according to local exigencies. 

The system of branch instruction is followed, so that no single 
class is under the direction of one master, but instructors are ap- 
pointed for the different branches of study, who give lessons through 
all the classes. 

As a general rule no master gives more than twenty — twenty- 
two lessons, one hour each, per week. 
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Number of Lessons in the Week. 





First 


Second 


Third 


Fourth 


Fifth 




Year. 


Year. 


Year. 


Year. 


Year. 




8 


8 


6 


4 


3 








1 


2 


3 






•• 


2 


3 


3 








2 


3 


4 




1 


1 








Geology And Ikliiieralogy .... 






1 










i 


1 


i 


i 


Dutch Laws and Constitution 






•• 




1 








2 


2' 


1 




3* 


2 


2 


2 


1 




4 


4 


3 


2 


2 










2 


2 


Dutch Language and Literature . 


4 


3 


i 


2 


2 


French , , , , . . 


5 


4 




2 


2 


English ,, 




4 


2 


2 


2 


Grerman , , , , 


3 


3 


2 




2 




1 










Ordinary and Bectilinear Drawing . 


5 


4' 


4 


4 


4 


Gymnastics and Drilling 


3 


3 


3 


3 


3 


Practical Chemistry in laboratory 








2 


2 


Experimental Philosophy. . . . 










1 



I 



Pupils who have followed the whole course of study at the school 
are considered far enough advanced to pass the final examination, 
which is held annually under a board of examiners appointed by 
Government in every province of the kingdom. 

This examination is subdivided into a written examination, which 
takes place at the different schools, and an oral examination by the 
board of examiners. The papers for the written examination are 
identical for the pupils of all the schools. They are submitted by 
the members of the examining commission for the approval of the 
Government inspectors. The written answers of the pupils are 
submitted to the board of examiners. 

In 1868 provisional regulations were made for this examination, 
and the board of examiners was requested to state their opinion 
on the subject to the Minister of the Interior. 

These regulations will be found in Appendix No. 7. 



The Appendices sent with this document, and which are 
preserved in the Library of the Institution, are the following : 

No. 1. Staatsblad van het Koningrijk der Nederlanden, No. 50. 
No. 2. Eeglement voor de Polytechnische School. 
No. 3. Staatsblad, &c., No. 91. 

G 2 
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No. 4. Polytechniflche School Prpgramma der Lessen, 1867-8. 

No. 5. Overzicht van het middelbaar onderwijs. 

No. 6. Programma van de Bijks hoogere Bnrgerscbool te Eoer- 
mond. 1867-8, and two other docnments referring to the same 
establishment. 

No. 7. Yoorschrift betrekkelijk het eindexamen der hoogere 
Burgerscholen. 
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R. Sandbeeg has communicated the following translation^ of a 
Eteport on Technical Education in Sweden " by M. Dahlander, 
ofessor at the Chalmers Technical School, Gottenburg : 

Eepobt on Technical Instbuction in Sweden. 

Although technical instruction in Sweden has not yet fally 
<5hed the high situation it occupies in Germany, it has, notwith- 
nding, largely contributed to the progress of our industry. 
Possessing but small resources of capital and working forces, it 
still more necessary for Sweden, than for most other countries, to 
by elevating the intelligence of the industrial classes, to com- 
nsate what is wanting in outer expedients. This truth has also 
en appreciated by the Government as well as the Parhament, 
ither of which nave denied the required sums for technical 
^traction. The contributions left by the State to the schools 
:iding to promote industry — mining, agriculture, and naviga- 
are in our circumstances by no means inconsiderable, and 
^.y be estimated as follows : 

£. 

For Technical Schools . . .at 13,500 
„ Agricultural Schools . . . „ 10,000 
„ Navigation Schools . . . „ 2,500 

All instruction is given free at the schools of the Swedish State, 
bis concerns even the technical instruction. The Technical 
iools in Sweden may be divided into four different kinds : 

Ist. Those intended for the Higher General Technical Instruc- 
)n. 

2nd. The Technical Elementary Schools. 
3rd. The Special Schools. 

4th. Institutions intended for instruction on evenings and 
indays to persons of the industrial classes. 

We will, in few words, give an account of these different schools. 



* A few verbal corrections have been made in this Paper. — Ed. 
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I. Higher Technical Schools 
Marieberff. 

There is in Sweden a military organised corps, corresponding to 
the " Corps des Fonts et Chaiiss^es " of France. These Engineers 
receive their technical education at the Higher Military Academy, 
Marieberg, near Stockholm, where a special teacher is employed in 
Civil Engineering ; and, besides, instruction is given in higher 
mathematics, descriptive geometry, natural philosophy, chemistry, 
mechanics, astronomy, topography, &c. This Institution some 
twenty or thirty years ago was of great benefit, and most of the 
engineers now employed at the building of railways, canals, 
harbours, &c., of the State have pursued their learning there. 
Now-a-days it is of comparatively less importance. 

The Royal Technological Institute. 

The higher technical instruction in Sweden is chiefly imparted at 
the Technological Institute in Stockholm. Already in the year 
1798 there was founded a Mechanical School, afterwards trans- 
formed into a higher Technical Establishment. Since that time 
it has undergone several changes, and, in its present form, consti- 
tutes an establishment well enough resembling the Polytechnic 
Institution of Germany, though on a considerably smaller scale. 
Its latest statutes are of the year 1867, when the Mining School 
was to be removed to Stockholm, which removal, however, is not 
yet completely performed. According to the new schemes, the 
Institute is parted into two divisions : an inferior class, in whicli 
the instruction is common to all the students, and including 
subjects regarded as preparatory for the particular technical 
instruction, and a higher class witn the following special schools • 

1. For Mechanical Engineering. 

2. „ Chemical Technology. 

3. „ Mining. 

4. „ Civil Engineering. 

In the inferior class the course is one year; in the high-^J^ 
two years. It commences the 8th September, and ends the 1(^^ 
of June. For the students belonging to the last course of t>^^ 
School of Mines, the time between the first of May and 8th 
September (except one month's vacation) is devoted to practicJ^' 
exercises in mines and iron work^, <Src. 

The students are partly those who follow the instruction require^J 
for receiving diplomas, partly .those who follow the instruction ifl 
one or several subjects after their own choice. The lower divisions 
require knowledge in arithmetic, algebra, geometry, natural philo- 
sophy, history, geography, and grammar. 




SWEDEN. 



87 



instruction is given without fee, but fines are paid for every 

neglected by the students. 

pkn of instruction for this year is as follows : 



Sul^Jects of Instraction. 



No. of Honrs 
per Week. 



The Infebiob Glass. 

matics and Theoretical Mechanics 
Ell Philosopliy . 
istry .... 
[ptive Geometry and Dratving 
cal work in the workshop . 



The Higher Glass. 

The Special School for Mechanical Engineering. 

matics and Theoretical Mechanics 

t5al Mechanics and Drawing .... 

knical Technology 

3d Physics . . . . 

osy 

lecture .... .... 

Engineering 



The Special School for Civil Enainet^Hn/i 

matics and Theoretical Mechanics 
3al Mechanics and Drawing 

)d Physics 

cal Laboratory 

osy 

»ctnre 

i^ngineermg 



Special School for Chemical Technology and Mining, 

Lcal Technology 

cal Laboratory . . . . . . 

osy ........ 

lectnre . . 

cal Mechanics and Drawing .... 
id Physics 



§ course of instruction will be considerably changed 
the Mining Schuoi has been completely removed to 
Lolm. 



resent the number of students is 123. The budget amounts 
)00. 

superintendence of the Institute belongs to a Board of 
>rs, consisting of four members appointed by the Govem- 
iud two by the Society of Iron Manufacturers. The actual 
>n belongs to an Administrator appointed by the Government, 
10 is also a member of the Board. A Commission, consist- 
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ing of all the instructore, submit proposals to the Board of Directors 
on all questions concerning the instruction. The instructors are 
seven professors appointed by the Government, and, in addition, 
eight instructors appointed by the Directors. 

The Technological Institute in Stockholm includes a magni- 
ficent building, with laboratories, workshop, apartments for lec- 
tures and drawing, and provided with rich collections. 

ChcUmers Institute. 

There is in the im^rtant commercial town of Gottenburg 
a Technical Institution in two divisions, one of which consti- 
tutes a Technical High School This Institution was founded 
in the year 1829 by means of a donation by an Englishman, 
William Chalmers, who had come over to Sweden and made 
his fortune, and died in Gottenburg. It was afterwards under- 
taken by the State. As just mentioned, the establishment 
consists of two divisions — one inferior and one higher. The 
inferior division, however, is not here, as most commonly, a prepa- 
ratory school for the higher one, but chiefly intended for imparting 
an elementary technical instruction to young men wishing to 
become qualified for the inferior places in the service of industry. 
In this inferior division instruction is given especially in practical 
iron and wood work, mechanical and freehand drawing, moulding in 
clay and wax, and in the rudiments of mathematics and mechanics. 
The higher division is intended to form constructors, foremen, 
managers of manufactories, technical chemists, and architects. 
Instruction is there given in pure and appHed mathematics, inclii" 
ding analytical geometry, differential and integral calculus, theox^ 
tical and practical mechanics, physics, chemistry, chemical teck' 
nology, geognosy, architecture, civil engineering, mechanical a;^^ 
freehand drawing, moulding and practical employment in the wo:>^^ 
shop. Each pupil is at Uberty to partake of the instruction ^ 
whichever subject he may choose. But for receiving certificates ^ 
must pass a filial examination in the subjects belonging to eitfc^ 
the mechanical, chemical, or building branches. This arran^S 
ment has shown very good results. 

The Chalmers Institute is now being removed into a large n^^ 
building consisting of three houses, one of which contains the wo^^ 
shops, and another the laboratory. The number of teachers 
10, the pupils about 110. Several of these are from Norway, th^^ 
being no Technical School in that country. The budget of 
establishment amounts to about £2,000. 

II. The Technical Elementary Schools. 

Technical Schools are to be found in four of the smaller towns of 
Sweden, viz., Nonkoping, Malmo, Orebro, and Boris, at which 
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traction ia giYen m the elementary knowledge needed for 
persoiiB who devote themselves to the industrial trades. The sub- 
jects of infltmction are— elementary mathematics, mcchaniml and 
freehand drawing, elementary mechanics, mechanical technology, 
practical work in iron and wood, physics, chemistry, mineralogy and 
geology, botany and zoology, lanmiages, and book-keeping. 

The course of instniction ia eslciilated to last three years. The 
number of pnpils is altogether aljout 170. The hndget ia for all 
Ike schools together nearly £2,700. 

^ m. The Special Sclwoh, 

In Sweden are to be found only a few schools intended to impjart 
jiistnietion in the special industrial trades* The higher mining 
phool that has hitherto existed at Fahlun is now being removed to 
the Technological Listitiite in Stockholm, with which it ia to be 
joined in the manner before mentioned* Another mining school, 
though with a more elementary direction, exists in l?itspstad< 
This ^hool is maintained by an association of mine proprietora 
and mann&cturers in Sweden lor the benefit of ship-building* 
There was many years ago a 'royal school of naval archi* 
tectore in Carlskxona, the chief harboni* for the ships of Tvar of 
Sweden, but this school is now to be removed to Gotte^nburg. 
FiaaUy, there is a newly-erected weaving school in Boras, though 

ret of small importance* 
IV* Teehmml Evening and Sunday Sehod^ 
In several towns of Sweden there are schools where instruction 
k given on evenings and Sundays to persons who have already 
entered into the service of industry. These schoolSj save the one 
^t the capital and one in the manuiacturing town of EsHIstuoa, 
-have no siahsidies from the State, Several of them are very well 
li-tronged, and of great use. Particularly so is the school exist- 
Ltig in Stockholm; it is of very ^reat importance, and may 
fival the best establishments of this kind in other countries. 
Ct is contained in a large budding newly erected for the purpose, 
the subjects of instruction are : 

Mathematics, mechanical and freehand drawing, architecture, 
Bngraving, moulding, painting, Swedish and German languages, 
and book-keeping. The season lasts from the 1st of October to the 
30th of April Pupils of both sexes are admitted, and chiefly 
consist of workmen who have already any of the indiLstrial trades. 
Tlie nnmber of pupils is at present lj354j 859 of which are males, 
d 49t5 females. 

The budget of the school amounts to about £4,000. 

G. E. Dahlandee, 
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The information as to the practice in this country, is convey 
in a series of notes compiled by General Augustinovich, of Odessa, 
and sent through Sir Charles Hartley. 

The General says in the covering letter : 

" According to our laws, none are permitted to practise archi- 
tecture but those who have received a diploma of examination in 
Eussia. As to Engineers, there is no law that I know of; and on 
the railways now under construction there are a number of foreign 
engineers in the service of private companies : there are, however, 
over these companies Inspectors, who are Engineers of the 
Crown." 

Notes. 

I. & II. On the General System adopted in Russia for the 
Education of Engineers, and the thmninations which they 
have to pass before entering the Profession. 

There exist in Eussia five corps of Engineers of the State, 
viz, — 

1. Military Engineers. 

2. Naval Engineers. 

3. Engineers of Maritime Constructions. 

4. Engineers of Ways of Communication. 

5. Engineers of Mines. 

These Engineers receive their education in the following esb^ 
blishments : 

1. At the School of the Academy of Military Engineers. 

2. At the School of the Engineers and Artillerists of the Marin ^ 

3. At the Institute of the Engineers of Ways of Conmiunic^ 
tion. 

4. At the Institute of Mines. 

All these estabUshments belong to the State ; there are n^ 
private ones of the kind in Eussia. 

In 1867 the Institute of Engineers of Ways of Communication, 
and in 1866 the Institute of Mines, were completely reorganized, so 
as to furnish Engineers, not only for the State, but also for private 
industry. Also, none of the students of these Institutions are now 
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►liged to serve six years to the State, as was the case before 1864 
r the students educated at the expense of the Government, 
he students of the Institute of Ways of Conmiunication have 
langed their name to that of Civil Engineers, and the Corps of 
ngineers of Ways of Communication is now completed by these 
tier ; the students of the Institute of Mines have retained the 
ame of Engineers of Mines. 

The encyclopaedical course of the Gynmasium is adopted as the 
asis of education for the Civil and Mining Engineers ; no one can 
e admitted into^the technical institutions for these till he has 
nished his education at the Gymnasium, or in an equivalent 
stabUshment. Youths educated at home may undergo examination 
Q one of the gymnasia of the Empire, on the full course of 
hese establishments, excepting the Latin and Greek languages. 

The Institute of Mines admits, further, external students, but 
hese latter cannot receive their diplomas of Engineer before having 
one through the examinations of the Gymnasia. Further, every 
tadent of the Institutes of Ways of Communication and of Mines 

required also to pass, before the professors of those Institutions, 
1 examination in mathematics and physics, in order to furnish the 
eans of testing the knowledge acquired. The pupils of the Uni- 
^rsities and oi equivalent establishments are excused from these 
^ting examinations. 

The students remain ordinarily at the Institute for five years, 
^responding to five classes of the Institute ; but this term may be 
xiinished by passing the examinations of two or three classes at 
iime. The minimum of the term passed by the students of the 
atitute of Ways of Communication is two years. The Institute 

Mines admits to the final examinations any person having a 
ploma of the Gymnasium, and who can certify that he has been 
^ployed for at least a year in any manufactory. 
In the months of April and May the pupils are obliged annually 

undergo examinations in the course gone through during the 
ar, in order to pass to the following class. The final examina- 
)iis at the Institute of Ways of Communication have reference 
Jy to the courses of construction, architecture, mechanics, and 
iodesy. The pupils must further present four complete designs ; 
'0 in the art of construction, one in architecture, and one 
3chanical. 

III. On the Interest shown, and the Nature of the Assistance 
rendered hy Government in the Education of Engineers. 

The establishments above mentioned belong to the State, and 
) supported by Government, who control them through the Minister 
Pubfic Works and the Minister of Finance. The annual budget 
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of the Institute of Ways of Commnnication amonnts to 99,426 
roubles (£15,535), which is distributed thus — 

Roubles. 

65,100 for the management, the professors, and the staff of the 
establishment 

6,000 for the encouragement of needy and industrious students. 
5,200 for laboratory, furniture, drawings, practical operations of 

the students, &c. 
4,000 for the museum and library of the Institute. 
19,126 for general expenses, warming, lighting, and other ex- 
penses of maintaimng the Institute. 

99,426 

The number of pupils at the Institute is not limited ; at the 
present time (Sept. 1868) there are 209, of whom 20 receive 
each an allowance of 300 roubles per annum, carried to the 
budget of the Institute ; and 21 are supported by various depart- 
ments of Government, other than the Minister of Public Works. 

The budget of the Institute of Mines is higher, and amounts to 
108,270 roubles (£16,917), thus appropriated— 

Roubles. 

61,200 direction, professors and staffl 

9,000 encouragement of students. 

7,700 laboratory, &c. 

3,000 museum and library. 
21,000 general expenses. 

6,000 allowed for payments to students, &c., selected to be sent 
for improvement into manufactories. 

The number of pupils at the Institute of Mines is now 99, of 
whom 30 receive each an annual allowance of 300 roubles, and 
18 are supported from various other departments and mflnu- 
factories. 

IV. On the Course of Studies followed at the Institute of WO'p 
of Communication, and the Institute of Mines. 

At the former, the following subjects are taught : 
General notions of theology. 

Law, having particular reference to constructions and ways of 
communication. 

Political and statistical economy. 
Chemistry, general and analytical. 
Physics, general and technical. 
Telegraphy. 

Mmeralogy and geognosv. 

Mathematics, differential and integral calculus, and analytical 
geometry of two and three dimensions. 
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Descriptive geometry, and its application to the theory of 
idows, to perspective, and to isometaical projection. 
Drawing. 

Topography, astronomy, and geodesy. 
Statics and analytical mechanics. 

Applied mechamcs (kinematics, living prime movers, hydrauUcs 
d water conduits, aerodynamics), and the steam-engine.. 
Gonstmctive mechanics (the theory of the strength of materials 
id of the stability of the parts of bmldings). 
The art of construction (studies of materials, works of construc- 
)n and foxmdations, drawing and irrigation, the consohdation of 
nds and slopes ; the embankment of rivers, and other means of 
reservation against inundations ; sewers, bridges, roads, and rail- 
ays; the improvement of navigable streams, canals, harbours, 
id docks). 
Archit€«ture. 

The preparation of designs for mechanical and architectural 
bjects, for bridges and other constructions. 

E7ery student is also obhged to study one of three languages, 
Snghsh, French, or German. 

^e courses are taught at the Institute for the three first classes 
bm the 1st September to the 1st April, and for the two last from 
te 15th October to the 1st April ; from the 15th April to the 
5th May the examinations are held for all classes ; and the time 
rom the 15th May to the Ist September is occupied by hoUdays 
nd the practical occupations of the pupils. These last consist, for 
iie 3rd class, of land-surveying and levelling, studies of velocity 
ad volume of streams, as well as geognostical excursions. The 
ttpils of the 4th and 5th classes are, from the 15th May to the 
5th October, put at the disposition of various Engineers engaged 

the construction of pubhc works. 

The hbrary of the Institute contains 8,128 works, in 16,850 
lumes. 

The Museum is composed of six collections, viz., models, 
dlosophical instruments, surveying instruments, materials of 
nstruction, minerak and crystels, tools. There is a special 
boratory for chemical experiments, and another for mechanical 
atmg. 

At the Institute of Mines the following subjects are taught : 
General ideas of theology. 
Law, with special reference to industrial subjects. 
PoUtical and statistical economy. 

Mathematics, the differential and integral calculus, and analytical 
eometry of two and three dimensions. 
Descriptive geometry. 
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Drawing. 

Topography and levelling. 

Statics and analytical mechanics. 

Applied mechanics. 

The art of construction (studies of materials, of works of con- 
struction and of foundations, theory of the strength of material^ 
and of the stability of walls and arches, hydraulic constructions, 
workshops). 

Architecture. 

Physics, general and technical. 
Chemistry, general and analytical. 
Botany and zoology. 
Mineralogy and crystallography. 
Geology and geognosy. 
Palaeontology. 
The working of mines. 
Subterranean geometry. 



Metallurgy. 

The preparation of designs, of mechanical and architectural 
subjects, and of hydraulic constructions. 

Every pupil is further obhged to study one of the three lan- 
guages before named. 

The courses are pursued at this Institute from the 15th Septem- 
ber to the 15th April. From the 15th April to the 15th May the 
examinations are held, and from this latter date to the 15th Septena' 
ber are the holidays for the two first classes, and the practie^'* 
occupations for the students of the three higher classes. 

These occupations consist of land-surveying and levelling, 
to mines and manufactories, and excursions for mineralogy, 
gnosy, and palaeontology. 



V. On the Nature of the Diplomas given. 

The students of the fifth class of the Institute of Ways of Got^' 
munication, after having passed their final examination, receive ^ 
diploma, giving them authority for the direction of all kinds ^ 
works of construction, with the title of Civil Engineers. Tb^^ 
diplomas are signed by the director and the secretary of 
Institute. 

The diplomas of the Institute of Mines give their recipiet^^^ 
authority to the title of Mining Engineers ; they are signed by i>b^ 
director, the inspector, two professors, and the secretary to 
council of the Institute. 
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YI. On the Payments hy the Pupil and tlie Dmation of his 

Stvdy. 

The pupils of the Institute of Ways of Communication pay, for 
Ehe right to follow the course of the Institute, the sum of 50 roubles 
(£7 16s.) per annum ; and those of the Institute of Mines 30 
loubles (£4 14s.) per annum. Students who are poor, but indus- 
trious and promising, may be excused from this payment. Further, 
the sums paid by the students are only partially taken by the State 
exchequer, the greater portion is put at the (fisposal of the Insti- 
tute to be distributed among the poor students. 
The duration of the study is mentioned above. 
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The following information as to engineering education in North 
Germany generally, is taken from a communication by M. Gustare 
Kirchenpauer, Civil Engineer of Hamburg, who was educated at 
Hanover. 

In the Northern German Confederation there are at present 
three Polytechnic Schools : at Berlin, Hanover, and Aix-la-Chapelle 
— the latter very recently established. There are also schools at 
Carlsruhe, Stuttgart, Vienna, Prague, Munich, and Zurich. 

The writer is only able to supply information as to the Berlin 
and Hanoverian Schools. 

The course of education occupies from four to five years, and 
consists partly of lectures as at the universities, and partly of 
practice in drawing and working out problems given by the 
teachers. The pupils attend what lectures they may choose, and 
the fees paid are so moderate that Government assistance is 
inevitable for the support of the schools. The pupils do not lodg© 
or board at the schools. 

Particulars of the lectures, fees, &c., will be found in the pro* 
grammes. 

Diplomas, so £aj: as the writer knows, are only granted 
Zurich ; the German schools only give certificates or attestatioi^ 
to the students after having passed a final examination. 

Engineers who wish to enter the service of the State, have, af fc^^ 
some years' practice, to pass an examination by the State ; and af 
having served some years, there is another examination, the passx^^ 
of which enables them to obtain the highest rank. 

It is not customary in Northern Germany to serve an apprenti^^^ 
ship to a practising engineer, nor are any fees paid by yoo^^ 
engineers on first entering practice ; in most cases they recai^^ 
salaries from the beginning; they sometimes enter as volunt©^^ 
for some time, but even then they mostly receive some teaX^" 
neration. - 

There are no laws forbidding any one to assume the title of Ci^* 
Engineer, even without any previous school education ; but vario"*^ 
legitimate titles are granted to the engineers employed in t>l*^ 
service of the State. 
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HoFRiTH Haetwich, of Cologne, director of the Rhenish 
Wftya, haa communicated some pEirticulars in reference to en- 
eering education in Proisaia, a translation of which m subjoined. 
The following remarks will aid in forming a judgment as to the 
acation of ^gineers and architects in Prussia- 

1 There are about eix hundred master-constructors (Eaumeister) 
aployed in the actual service of the State. These officials are 
lucated in the Eoyal School of CoDstrUftion (Konigliche Ban 
Aiademie) at Berliiij an institution which is auppoited entirely at 
tte State espense, with the help of very moderate i'ees. In this 
^iBtitution there are three directors and twenty-four professors and 
ftchers, who also, for the most part, fill high constructive offices 
'the State. 

5he institution ia provided with an admirable library of valtiable 

In order to be appointed to service in the constructive depart- 
^t of the State^ two Government examinations must be passed : 
Bse extend to — 

Hjdranlic and sea constnictions, 
h Architecture and ornamental buildings. 

Eailroad and road comtruction, 
:d. Machinery and general engineering science* 

In order to be admitted to the studies and to the examinations 
pvementioned, the student must show that he has parsed the 
it class of the lower gymnasium education. 
After he haa gone tlirough a complete general scientific trainingj 
I must, for one year, be practically engaged with one of the con- 
fnctive offlcerg of tbe State, 

Thus prepared, he is admitted to the studies in the Eoyal 
hool of Construction. 

The studies, up to the first examination, as conductor of works 
Baninhrer), extend over two year^, and comprise all branches of 
cientific knowledge appertaining to engineering and architecture ; 
karticnlar care being bestowed on the training in construction and 
wing. 
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After pssmgthifl examination, which takes place after a lapse 
at least tnree years from quitting tbe gymnasium, the student m 
pass another three years in actual occupation in practically carrying 
out the construction of works^ under the direction of master eon- 
structorg; he must then devote two years more to study, after 
which he loay undergo the second exaraioation for State emplcsy- 
ment in coDstruction. The appointments then follow according to 
seniority in passing tho second examination. 

Engineers, architects, and metthauiciaus who have l)eooine 
qualified in the manner ahove desscribed, find mnltifarious employ- 
ment on private railways, in municipal duty, or in industrial under- 
takings. 

In the before-described exammations, which apply to the special 
functions of the constructive ofiicials of the State, no distinction is 
made between engineers and architects, as the sphere of action of 
these ofiicials comprises all branches of engineering and archi- 
tectural work ; but, nevertheles.^, in practice the indinduals ibm 
themselves into engineers or a^chit^x^ta, as their own^ inclination 
may determine. 

IL While the Itoyal School of Confltruction in Berlin has specially 
for its object the education of the Government constructive officials^ 
on the basis of a complete general scientific education, another 
school in Berlin, namely, the Koyal Industrial Academy (Konigliche 
Gewerbe Akademie), serves for exceptional training in technical 
engineering, and in the mathematical, physical, and chemical 
sciences t^hnically required in the various branchas of manu- 
facture. 

This also is an establifihment supported at Government cost. 
It has a director and sixteen to eighteen professors and teachers, 
and ig furnished with an excellent collection of models and a very 
good library, 

A scientific preparation for the studies in this establishment is 
only required so far as will enable the student thoroughly to under- 
stand the inetruction, and logically to carry it out into practice. 

It is also required that the student shall have previously passed 
some time in technical employment. 

For specially-qualified persons there exist Stat^ grants as well as 
others founded by private persons. 

The course in this establishment occupies three years. The 
education comprises the whole range of mathematics, physics, and 
chemistry, mechanical and constructive drawing, and also a prac- 
tical activity in the mechanical branch of the institute, particularly 
in the practical csonatruction of machines. 

After obtaining the certificate in the first class of this institution, 
the students have no claim to employment in Government service ; 
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hi m atsoonnt of their thorough training in all the branches of 
faioffledge aSecting industry and manufactures, they are espeeially 
eonght after for praminent poeitiona in industrial nndertakings of 
all kmdBj aa y^eil as in the higher mechanical depai'tmeniB on 
milways. 

Under the general saperintandence and direction of the In- 
dustrial Academy, and in particular under the c^e of the director 
of the same, etaod the eeveral industrial schoolsj which are esta- 
blished in the larger provincial to\vns- In these schook are edu- 
ated mechanicians who are qualified m foremen, &c., in mafiii- 
factories, and these eBtabliehmeuta turn out many excellent practical 
men of this kind. 

III. In addition to the above^ there is now a high-class Poly- 
technic School at Aix-la-Chapelle, and in the province of Hanover 
a similar one ha^ come into the possession of the Prussian State ; 
but at present it is uncertain how far students educated in these 
schools can claim employment in the State servica 

Examination certificate, which give claim to employment, are 
only given to constructive officers of the State, The students of 
the industrial academies receive att^tations of their proficieDcy in 
the first class. In addition to these, private constructors for archi- 
tecture and ornamental building have been hitherto examinedj 
and attestations of their proficiency given. 

In the same manner master carpenters, masons^ shipwrights, 
millwrights, &c., must be provided with attestations of examination. 
For engineers no examination is necessary. 

The title Civil Engineer, in the sense in which it is used in 
England, is here generally unknown, and has been only used by a 
few individuals. 

According to a recent Industrial Law of the North German Con- 
federatioDj me examination for followmg a technical trade, as weU 
as for private constructors, masons, carpenters, and shipwrights, is 
BO longer imperative; every man can practise any trade, with 
assistants and apprenticies, without his qualifications l^ing tested by 
examination. 

, Of course, however , the State requires the examination of master 
|conBtmetors who are to be admitted to the service of the State, 

(Signed) Habtwich, 

I Cologne, mil JuJy, I86B. 

M. Hartwich adds in a note the following observations : — 

The Academy belongs to the Department of the Minister of 
Trade. 

The annual income and expenditure amount to 30j000 thalers 

H 2 
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received from the State; 17,000 thalers from other sources; and 
13,000 thalers, fees from the pupils. 

Seven professors are engaged entirely on the duties of the 
Academy, twenty are enga^d in other business, and give lectures 
for a certain remuneration, about 100 thalers each. 

In the present year the Academy is attended by five hundred and 
sixty stuaents. The large hall for drawing is fitted up witii 
accommodation for one hundred and sixteen students ; and the 
Ubrary, which is always open to the pupils, contains a great number 
of the best works in tdl languages. 

The students who pass b^ in the examinations receive premiums 
to enable them to travel for the purpose of professional instraction, 
on the condition of their giving descriptions and drawings of 
interesting objects which they have seen. 

The following publications have been received, and are presenei 
in the library of the institution : — 

" Verzeichniss der Unterrichts-Gegenstande, der Konigliche Bau- 
Akademie ju Berlin. Winter Halbjahr, 1867-8." 

Ibid, "fiir das Sommer Halbjahr," 1868. 

(List of the subjects of instruction in the Boyal Acadamy o 
Construction in Berlin.) 

" Vorschrif ten fiir die Ausbildung und Priifung derjenigec 
welche sich dem Baufache widmen with 

" Vorschriften fiir die Konigliche Bau-Akademie in Berlin." 

(Begolations for the training and examination of those Yfh 
purpose to devote themselves to the art of construction : wit 
Ilegulations for the Eoyal School of Construction in Berlin.) 

The above-named works give fiill detailed information as to tl 
course of instruction given, and the nature and extent of tl 
knowledge which must be possessed by the students in constructicF 
in order to pass the examinations prescribed by the State c 
qualifying for Government appointments. 

**Segulativ fiir die Organization der Koniglichen Gewerb 
Akademie " (no date). 

(Begulations for the organization of the Eoyal IndustrL 
Academy.) 

Lections Plan fiir das Konigliche Gewerbe Institut in Berliit 

" Verzeichniss der Unterridits-Gegenstande der Kdnigliche 
Gewerbe Akademie in Berlin." 

These are programmes of the lectures and subjects of instructio 
in the same institution for various half years, from 1865 to 1869. 

** Beglement uber die Benutzung der Bibliothek des Konigliche 
Gewerbehauses," 1857. 

(Begulations for the use of the library of the same institution.) 
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Tte following observationa are by an eminent and experienced 
Engmeerj who does not wish his name to appe^ir ; 

1. General Eemaekb* 

In Englandj Fraace, and almost everywhere, Arclntectnre and 
Engineering are considered to he two independent braEches, in 
i^mi to stndy as well as practice; each branch claiming the 
Ml exertion of those who devote themselves to it. It is only 
Pm^eia which offers a remarkable exception, reqniring by Govern* 
ment regnlationa that all those who present themselves for exami- 
nation and for employment in public service shonld fully embrace 
botii branches. 

This peculiar principle haa often been contested. After the war 
of 1866, when several States wherein Architecture and Engineex- 
iog bad been separated were annexed to Prussia^ it appeared for 
a while questionable which principle imght he adopted for the 
hkre; hut, after mme controversy in the weekly and monthly 
preas, the old Prussian system prevailed, and a student going up 
for emnination is still expected to be both architect and engineer. 
Iffhen nominated to a public office, he will have to execute pubho 
taildingH and engineering works of any kind, as may happen to be 
'Quired in his official district, 

I Only those eminent men who have risen to superior official 
^fejidingj such aja the celebrated eogineer, Mr, Hagen, the late 
^inent architect, Mr, Schinkel, and others, seem to have kept 

^eir special proyince in the profession. 

r li appears to be admitted by all independent members of the 
P^'ofession, even in Prussia, that the aimm^ at universaUty, in factj 
frequently leads to superficiality in everytmng, without true nnder- 
^tanding, and that a good deal of valuable time and exertion is to 
^ sacT&ced by the Prussian students of our profession, only fot 
Passing fairly the examination, and for being admitted to the public 
l^ivice, 

f Experience shows that young men raising themselves above the 
'^Tel of mediocrity are in reafity either engineers or architects, 
^hey may have loaded thek memory with a good many things, 
ft-nd may have exercised their hand to execute drawings, by which, 
for a wnilej they may appear both ; but after their admittance they 
Xvill, with rare exceptions, neglect and forget what they were obliged 
|o imbibe eontre ecmr. 

^ Experience also shows that in many cases the energy of body 
and mind is checked^ if not broken, by overstraining during the 
preparation for examination ; and this, of course, affects the most 
conscientiona students. 
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2. Engbteeeing Education, 

Since tbrongliout the territories of the North German Con- 
federation the principle of free trade has been legalized, all those 
who do not wish to l^ome candidates for public service are qmte 
at liberty to educate themselYes^ and to become engineers how th^ 
like. ITiey usimlly leave the College Gymnasium from the upper 
class, eater for a year or two an engineer's office as pupil or ap- 
prenticQ eVeve^ make then two or three years' study at a polyteci- 
nical school, and after that begin practice as assistants in & 
service of private companies, engineers, builders, &g. This is 
nearly the same way as in England, except the regular study at 
a polytechnic school, which appears to be a preference of Germany, 
There is a great choice of such schools in Germany : the Baa'- 
A^kademie in Berlin^ the Polytechnic School in Hanover, the 
polytechnic schools in Dresden, Darmstadt, Carlsruhe, Stuttgart, 
Munich. Much frequented also by German students is the PoIy- 
technicon at Zurich (Switzerland). In Austria^ the principal m 
at Vienna and Prague. 

The PrusBxau system of combiiung Architecture and Eugineering 
of course rules the plan of lectures at Berlin and Hanover* Me- 
chanical engineers find in BerBn the " Gewerbe^ Academic/' where 
extensive workshops offer to the atudents practical exercise, com- 
bined with theoretical instruction by lectures. 

Those who devote themselves k> the service of the State in 
PiTissia have to pass through the following course of education. 

1. General sciButifie education must be proved by a testimony of 
" maturity for university,'* which can be acquired by examijmtioii 
when leaving the upper class of a college. 

2. Then Ibllow three years' regular stEidy at the Bau-Akadenjie 
at Eerim/* or the polytechnic school at Hanover, Part of this 
time may be spent at auother polytechnic school. 

S. One year's practice under the superintendence of State En- 
gineers is afford^* but it is perndtted to combine this with the 
academical years, by disposing the vacation time (several months 
every year) for practical purposes ; so that by adding these together, 
and with a tew months afterwards, a full year is to be made up. 
These three conditions being accomphshed, the student may present 
himseK for — 

Tlw Firsi Exammatim, ^ 

Which comprises mathematics, including the differential calculSf 
all branches of engineering and architecture, theoretical and prac- 

* The G«rniaTi ward 'Bau' mmm *bmldiDg,* which comprises Ajchitecturu 
and Engineering. 

" TliG Gkman word * GewerW verbally translated, meana * trade/ nnd ia 
gonerftlly used for BignifyiDg all eort^ of mftnufaoturiiig proc^flaes. 
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tical, geology and other auxiliary scienceSj history of art, knowledge 
of Btylea, literatme, perfect ability in dmwiiig, architeetural and 
engineering, versatility in projecting and estimating any kind of 
work, calculating and projecting machinery, as lar as it is used for 
l>nilding and engineering pm-poseB* The whole examination takes 
ee?eral daya^ by special examiners for the different studies. Each 
of these gives separately a certificate, viz. distinguished/* 
"good,^' "sufficient," tolerable/' insufficient," These are 
brought in the full commission, which di-av^^ the result, '* Ad- 
MttS^" or " Not admitted/' In the latter case, the young man 
my present himself again in a year or two. If admitted, he re- 
imm the title of " Baufuhrer" (Conducteur)^ has to promise 
Bolenmly, correct, upright, and good behaviour, is declared qualified 
fe temporary paid employment under superintendence of an official 
Elngineer or Architect, and has " pubhts faith " in meAHuring and 
teiving work and materials, and also in carrying accounts. 

Now he is at hberty to choose his way of further study and 
pi'actice as he likes, and when he thinks to be sufficiently prepared 
ie may apply for— 

The Se€07id EmniimUm. 

The form for that is to send in an application for " Aufgabeu " 
f ttemeSj problems) connected with the declaration that he wishes 
be admitted ; he is peimitted to name that branch of the pro- 
*^asion (Engineer or Architect) to which he has principally devotc'd 
-^imaelf. This will be regarded at, to a certain degree/ but without 
"dispensation from the other branch in general In answer to the 
^Jjplication, the candidate receives two themes, one in architecture, 
^oiother in engineering,^ and two years' time is left to him for 
^^ming forward with his elaboration, which requires generally a 
dear's hard work, consisting of about fifteen to twenty large sheets 
^f drawings (plans, sections, facades, details of any kind, nmt^hinery, 
&c.), and aocompanied by a voluminous explanatory report, 
^he board of examiners have then to consider whether the elabora- 
tion is acceptable, and if this is affirmed, a verbal examination 
t;akes place ; the main object of this being to prove the true author- 
ship of the candidate as regards the elaboration, and to test his 
general knowledge, judgment, scientific standing and practical 
views- 



' Tliia is a eon cession to thti tirw, of a deviation of the old principle ; indeed 
only a &in&ll one, hut still it is a sort of acknowledgment. 

'^^ Thctnes in Arokitecture may be, for instan<:!e a cf>untry refiideiooe of a princB, 
a theatre, ft gmoil hotels an assembly hoiiae of parliament, and others aucn like. 
In EDgineeriog, a harboiu at a giv<nn place, a great central railway station, 
dminagiQ of a certain iown, ivaterworkaj canal and river harbours, Aa A 
pqrogmmma is always pfescribcd. 
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When admitted, he remTes tlie diploma as " Banmeiet^r" 
(JIaster in Building), and is declared qualified for employment in 
publics serrice in fixed official Hituation and ealarj* His name is 
inserted in the official Est, and he will he promoted mth regard to 
SKiiority, and as the occurrence of vacancies give occasion. 

In the other States of Germany the regulations for admiesioi 
are not exactly the same as in Prussia ; hut, with the exception of 
a few small States, the principle, that State-examination is indis- 
pensahle, prevails eveiyvvhere. 

It may be questioned whether this principle is generally a good 
one, and it is sometimes pretended that many mistakes occur, and 
even mischief is done, by these examinations ; hut nevertheless it 
18 evident that if the Grovemment of a large State will not— as tt^ 
Government of the United Kingdom does — leave the greater part 
of public works to private enterprise, or to local self-govemmea.^ 
of magistrates or other local authorities, the German principle o 
training and examining is quite a necessity. 

Even the best Government cannot pledge itself to fill up th - 
numerous vacancies (occurring, perhaps, every week) with fnM 
impartiality, if there is not a legal way lor candidates to acquire — ■ 
according to rules which are the same for all — the acknowledgmei*^ 
of personal qualifioition, personal right, and security* ^ 

3, Facilttation and ENOOURAGEimjT OF Studibs on mE pak:: 

OF THE PEtresiAN G0TEB15MEM< 

1» The obligation to prolonged studies must, of course, fall tc 
youDg men of httle fortune. "With regard to this, the Director o 
the Academy is empowered, in suitable cases, on application, tc 
respite 75 per cent, of the fees and honoraries payable at the 
Academy. The students benefited in this way have to ei^n an 
engagement to pay oif the debt at certain terms and conditione 
afterwards. In exti-aordinary cases, great diligence, &c., the mi- 
nister can remit it altogether. 

2. AnnmiUy there are premiums awarded to those who distin- 
guish themselves iu the first examination- Usually the two heel 
of them receive each a premium of 300 thalere (about £50) ; several 
others receive medals. The money premium is to be expended fo] 
a scientific journey, 

3, King Frederic William IV, founded two prizes, each of 10( 
Frederics d'or (about £90), to be awarded at the anniversary cele 
brated every year at the birthday of the great architect, late Schinkol 
by the Architecten Verein/* at Berlin, for the best architectura 
designs. There is no doubt that the described ways of encourage^ 
ment have a beneficial effect. Especially the Schinkel Prize ie 
held in high esteem and much aimed at, which probably is caused 
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great measnre, by being awarded by brothers of the profession, 
according to regnlations which exclude, as much as possible, 
^partiality, personal protection, and other abuses. 

It needs hardly to be mentioned that in connection with 
&e Academy an extensive library is established and made accessible 
^ the students, and that models of buildings and machinery, 
gwlogical collections, and many other scientific aids are oflFered to 
tiieir use in the most Uberal way. 



Statistical Notes. 

Mstrad from the Berlin Architecfs Weekly Paper, and tlie *^ Architects 
AlTnanac,** 

^ Prussia were admitted, after the second examination, as ' £au- 



Year. 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 



Number. 
73 
65 
71 
46 
39 
34 
40 
59 
60 
59 



In ten years . 546 
Average per year 54*6. 

^he time between admittance as 'Baumeister' and the first fixed 
?ciY)loyment in the service of the State comes out, at the average, to about 
"^fent years. 

iThe number of students at the Bau Academy in Berlin was, in 1868, 
(at present about 600). The same at the Polytechnic School at 
-^esden is at present 377. 

1868. 

Number of Engineers and Architects employed in public and municipal 
^rvice in the States of the North German Confederation. (Abstracted 
^tom tiie " Architect's Almanac.") 

I. States' service : — 
Prussia : — 

Central government .... 70 
Administration of public works, except rail- 
ways 595 

State railways 142 



Saxony (kingdom) :— 

Public works, except railways 
Academy, schools . 
State railways 



— 807 



52 
10 
56 



Carried forward 



118 

925 
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Brought forward . . . 925 

Bmnswick : — 

Public works, except raQways ... 38 
State railways 19 

— 57 

Oldenburs: : — 

Public works, except railways ... 24 
State railways 5 

— 29 

Mecklenburg 28 

Four Saxon Duchies 41 

Five other small Principalities. .... 29 
Three Free Hanse Towns 43 



In the States' service, &o. • . 1,152 

II. Service of municipalities, magistrates, and corporations : — 

In Prussia 122 

In Saxony (kingdom) ..... 43 
In the small States generally, coinciding with 
State service 165 

III. Service of private Railway Companies . . . 129 

Fixed employment . • 1,446 



Further particulars as to the Engineering and Architectuial 
education in Prussia are given in the JSeport of the French Coia- 
mission, English edition, page 64. 

An account, also, of the excellent education established in tb*^ 
country for the mechanical trades, will be found in the same wor^> 
as well as in the Eephes to Lord Stanley's Circular. 
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following mGmoraiiLla relating to the edncation of en- 
3er3 in HanoTer baa been commonicated by Mr. K Ci-awford, 
50. Inst, C.E. 

he duration of the course laid down for students in the Depart^ 
t of Ciyil Engineering in the Polytechnic School of HanoTer is 
years. 

he candidato 8 age to be at least sixteen years before joining, 
efore entering the School of Civil Engineering as a pupil, an 
mce examination has to be passed io the following subjects : 

a. Knowledge of the Gennan language and style, as 
evinced by an easy theme, to be written without errors, and 
in a free, natural style. 

h Facility in arithmetical calculationB, including decimids. 

c. Knowledge of algebraic calculations^ including simple 
^equations. 

d. Plane geometry. 

e. G-eneral knowledge of geography and history. 

Fees. 

Tlie fees for the firet year am 27 thalers = 3 18 9 
tj second 31 „ = 4 10 5 

third 46 ^ 6 M 2 

„ fourth 21 „ = a 1 3 

„ fiftJi , 33 „ = 4 16 3 



First Year's Course, 

athematics, 

rithmetic: algebra, involution^ binomial thcoremj numeratioDj 
nal and Tulgar fractions^ extraction of roots, rational and irra- 
d quantities, real and imaginary quantities, equations of the 
idj third, and fourth order ; use of logarithms, 
laments of the diiferential calculus : the idea of a function, of 
:s, of vanishing quantities, differentiation of functions of one or 
5 variables, maxima and minima. 

eometry of plane surfaces ; study of the relations of right 
figures and circles ; plane trigonometry, meaeuroment of 
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8CiEd% poei&n of stmight lines with reference to plaaea^ planes with 
feferaioe to pkoas, nmterml points, calcnlation of bodies 
snrtaees. 

Spherical trigonometiy : aiialyti<al geometry of planes (Part t J, 
tha elements of tlie analytical geometry of space, eqimtions of 
a point, of a straight line, of its angle with the axis, angle of ti 
right linea, eqmtioE of a plane. ^ 
Zoology- 
Botany. 
Mineralogy. 

Drawing : principaUy drawing of omameniB, partly from cop 

and partly from plaster casts. In the higher department 

heads and figures from models- 
Line drawing : conetmction of ecal^, and the freqnent!y-ooi 

ring curved lines in their application, drawing from copies, ele^ 

mentary principles of descriptiye geometry. 

Second Ymr^s Course. ^| 

Higher mathematics: differential calcnlijs, Taylors ani 
Maclanren's theoremSj maxima and minima of functions of a 
nnmher of variables, apparent indefinite values. 

Integral calcdns: apphcation of the diflerential and integral 
calcnlns to plane geometry. 

Analytical geometry of planes (Part 11.), geometry of epftoea, 
higher equationa^ calculations of interpolations, fluxions* 

Descriptive geometry: orthogonal projection of points, hues, 
and sni-fac^es, sections, and development; isometnc projection, 
construction of shadows^ perspective projection. 

Pure physics : gravitation, atomic theory, acoustics, optics^ theory 
of heat, frictional electricity, magnetism^ static electricity and 
electrical currents. 

Applied physics : popular astronomy, mathematical and physical 
geography, meteorology, knowledge of weights and measures, short 
review of musical instruments, lightkig apparatus, optical inatni- 
mente, principles of the mechanical theory of heat, application of 
theoretical knowledge to heating apparatus, electric telegraph. 

Mechanics (first course); fundamental principles and laws of 
mechanics, study of the motion of siinple nmterial points, equili- 
hrium, motion of solid, elastic^ and flaid hodies, with application to 
simple machinery and construction* 

Third Ymr*8 Course. ^1 

General study of machinery : general economic importance of 
machines ; machines for measuring and calculating ; machines for 
the reception of motive power ; machines for altering the position 
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.nd form of bodies fespecmlly mills) ; agricaltural machines ; strength 

materiiLls (aketch of the most important results of) ; simple 
machinery— regulators, flj-wheels, breaks, centrifugal regulators; 
macliines moved by muscular power ; presses, pumps. 

Higher mechames : elasticity aod etrength of building mate- 
rials ; theory of elasticity and neutral axis ; theory and catcnlatioa 
ol the construction of roofs, wrought-iron bridges, fmmewort, 
lattice, archj and suspension bridges ; calculations of iron roofs and 
Iridge^; theory of the pressure of earth, and calculations for 
retaiaiag walk ; general theory of the Ime of resistance, with 
ipplicatioE to the construction of arches; hydraidics; analytical 
mechaniea ; study of geometriciil motion ; mechanics of simple mate- 
rial points ; general theory of motion ; and the equilibrium of a 
Bj'stem of material points. 

Practical geometry ! method of measuring surfaces and altitudes ; 
pAidples of the higher geodesy, and the surveying of mines, as 
also the system of compensating by fluxions ; the preparation of 
plaas for agricultural and topographical surveys ; plaster modelling 
and drawing of hills ; studies firom simple drawings, and practical 
eiatriaea in field operations. 

Bnilding materials and eonstruction including masonry and 
carpenters' work, iron structuieSj excavation and materials, orna- 
Dientol (decorative) works. 

Fourth Tear's Coune, 

Eoad and railway construction ; qualities of earths, transport^ 
performance of animals, laying out roads^ staking out, levelling 
cross-sectioning ; construction of roads, classification of vddths, 
solidifying the roadwayj bridges^ and culverts ; retaining walla and 
other worka appertaining to road making ; estimating and carrying 
pnt tke works ; rules for repairing roads ; excursions to see works 
^ operation. 

Biilways : history of railways ; review of motive powers ; select- 
ing and deteimining the hne ; preparing detailed plans, and the 
construction of railways ; acquisition of land ; eariJi works ; method 
0^ femuBport and plant ; permanent my, materials, tools, plate- 
Ifiyiog; points and crossings; district boards^ fencing; marking 
pfiitiou for bridges ; station works ; works of art (exclusive of 
stations); constructing works; estimating them; construction of 
tainela ; excursions to see works in progress. 

Biulding works : stairs and arrangements ; heating and ventila- 
ting; joiners', locksmiths', and slaters* work ; sketch of the history 
of art ; study of the Greek, Eoman, Old Christian, and Gothic 
stjles of building ; technical description of implements and vessels ; 
ornamentation of the building styles of the Antique, Old Christian, 
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and Middle Ages ; mtxlelling in gypsum and designing ; designing 
of public and private buildings. 

Geology, mineralogy, &c.: short recapitulation {sumnmry) of 
mineralogy ; elements of palaeontology in eonneotiou with the prm- 
ciplea of geology, (Examples and excursions.) 

N,B,— It is presumed that the atndentB liaye a knowledge of the 
natural history of animals, plants, and mineralB* 

ChemiBtry ; inorganic and organic. 

Fifth Year's Course. 

Waterworke, &c. i wells and streams ; collecting water, and 
conveying it on the surface of the ground ; filtering and laying on 
water ; apparatus for forcing up water ; dykes and channels ; worta 
for drainage and irrigation purposes on Bmall and large scales i 
navigable canals ; construction of canak ; c^nstniction of sluices ; 
rivei-s and streams, straightening and embanking rivers and streams; } 
maritime works, sea embankments^ harbours, &c, (Eicursions to ! 
inspect works,) J 

Bridge construction: laymg foundations; approaches; bridged 
generally considered : ' 

a. Bridges of stone, timber, and iron suspension bridges i 
swing bridges. (Excursions to examine works.) ] 

K Wrought-iion railway bridges ; properties of the mat^ 
rial ; diiferent systems of constniction ; ascertaining the mo 
able loaii and the dead weight ; plate, lattice, and fram^ 
girders ; details of construction, arrangements for riveting arxd 
hammering ; examples of calculating and estimating ; practic^J 
construction, erecting in place ; foundations with the aid cjj 
cast-iron, and with wrought-iron apparatus for working 
water. 

Building course : 

a. Comprehensive studies of the works of anti^^nity, of it^ 
Middle Ages, and modem works ; designs according to giv^< 
data ; working ont of the desiguB in all their necessary detail^ 

K Arrangement and position of buildings, estimat^^ 
working drawings, contracts, specifications, sketches of workij:::^ 
plans. I 

e. Ornamentation : designs for ornamental details in 
nection with architectural proj^ts. 1 

d. History of the art of building: German antiqniti^^ 
monuments in America, Asia, Egypt^ and Nubia ; the art ^ 
building of the Grrecians, Etruscans, Bomans, Byzantine, a*:* 
Mahometans; the Eoman and Gothic architecture, "renai^ 
sance and rococco " styles with respect to sculpture agJ^ 
painting. 
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Machinery (second course) : recapitulation of the principles of 
mechanics ; experimental hydraulics, especially as an introduction to 
mter wheels ; calculation of water wheels and steam engines (the 
fio-caUed coefficient theory). Calculations: calculation of pumping 

machinery ; calculations relatiye to transport on ordinary roads and 

railways. 

The following works illustrative of the Hanoverian establishments 
are in the Ubrary of the institution : — 

"VerfiBU3sung der Polytechnischen Schule zu Hanover, October 
1863." (Eegolations for the establishment of the Polytechnic 
Sckool in Hanover.) 

*''Programm der Koniglichen Polytechnischen Schule zu 
Hanover." (Programme of the School for various years.) 

" Katalog der Bibliothek der KonigUchen Polytechnischen Schule 
zn Hanover, 1868." (Catalogue of the hbrary of the School.) 



Further information as to the Hanoverian school will be found 
in the French Eeport of 1864. 
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BRUNSWICK. 



There is a State School called the "Collegium Carolimim" at 
Brunswick, the object of which is to prepare young men, by a 
scientific and tecnnical education, for the special careers of 
Mechanicians, Civil Engineers, Architects, Metallurgists (for miniiig 
and salt works). Manufacturing or Dispensing Chemists, Foiest 
Engineers, Agriculturists, officers for railways and roads, and 
Surreyors. 

FuU particulars of this establishment will be found in the 
Beport of the French Commission of 1863, English transktioD, 
page 43. 

It appears to be on the plan of the German Polytechnic Schools 
generally. 
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^ education of engineers in the Grand Duchy of Baden is 
arried on in the Polytechnic School established by Government at 
/arlsmhe, which is pronounced by the French Commission to be 
one of the most excellent esteblishments of the kind in all 
lennany — 

This establishment is a kind of technical Tiniyersity^ which, in addition 
scientific studies of a high order, comprises in its organization several 
pedal divisions. The first of these is devoted not merely to mathematical 
cience, as its name would seem to indicate, but also to the general 
cientific knowledge necessary for the other technical divisions, and which 
he pnpils may acquire by following the particular courses relating to 
hose sciences. 

The technical divisions are : — 

Engineers requiring 2 or 2^ years. 

Architects /Bi^lderB ... „ 2 „ 

Arcmtects ^Architects ... 4 „ 

Foresters „ 2 „ * 

Chemists 2 „ 

Constrnctors of machines . . 2 „ 

Commerce , „ 1 » 

Tosts „ 1 „ 

The following information in regard to the Engineering De- 
^iment of the School has been famished by Mr. Crawford, Assoc. 
^t. C.E. 

The School of Civil Engineering connected with the Poly- 
^lamo School of Carlsruhe embraces all the branches of Engineer- 
g knowledge, with the exception of fortification. 
The course of instruction extends over a period of two and a 
tlf years. 

Entrance and Yearly Fees. 



Entrance fee 

Yearly fees 

Special fees for Physical Laboratory . 

„ „ Mineralogical Laboratory 

„ „ Chemical Laboratory . 

For entrance to the School of Engineering, the following know- 
^e is necessary : 

I 



Florins. £. «. d. 

5.30 = 9 2 
66.0 = 5 10 
8.0 = 13 4 
2.0 =034 
44.0 = 3 13 4 
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Igt. Pupils, who, being natives of the Grand Duchy of Baden, 
wish to pass the Goyemment examination at the regular time, 
must at least be possessed of the knowledge which can be acquired 
in one of the grammar schools of the country, and in the two 
courses of the Mathematical School connected with the Polytechnic. 

Proof as to preparation for entrance is to be famished by means 
of a certificate, stating that the candidate has folly, and with credit, 
completed the course of instruction prescribed in a grammar school, 
or up to the second highest class in a college, and has been pro- 
moted out of the second dass (course) of the Mathematical School 
department of the Polytechnic. 

2nd. Those native students who have not received their prepa- 
ratory education at one of the public schools of the country, must, 
before beginning the special study of Engineering, pass an exami- 
nation in the foUowing subjects, viz. : 

a. The Qranmiar School course according to the State order 
dated 31st Dec., 1836, and published in the Gx)vemment 
Paper of 1837. No. Vm. 

b. Mathematical School. 

First Cou/rse. 

The application of plane and spherical trigonometry. 
The higher algebra. 

DiflFerential and integral calculus (first course). 

Exercises in the treatment of propositions in the differential and 
integral calculus. 

The newer synthetic geometry, especially the theory of conic 
sections. 

The analytic geometry of planes. 

Descriptive geometry (first course). 

Constructive exercises in do. do. 

Practical geometry (Part I.). 

Plan drawing. 

Field operations in practical geometry. 
Mechanics (statics). 
Experimental physics. 
Bepetitions. 
Drawing (freehand). 

Second Course. 

Differential and integral calculus (second course). 
Examples in the treatment of propositions in the differential 
integral calculus. 

Analytic geometry of spaces. 
Descriptive geometry ^second course). 
Constructive exercises m do. do. 
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Analytical mechanics. 
Mineralogy. 
Geology, 

Mathematiail physics, 

Esercisea (practice) in the physical laboratory. 

► Espeiimental chemistryj viz. : 
Part I, Inorganic chemistry. 
Part IL Organic chenmtry. 
Drawing (freehand). 

^ N,B,— The matheioatical and engineering sttidents are further 
recommended to stndy modem history, and flie history of German 
htei-ature in the Middle Ages. 

■ Engineering students who pass the Government examination aa 
%> learning, have also to undergo a medical examination aa to the 
aonndneas of their conatitutions. 

Foreigners and such native pupils m forego all claims to Govern- 
ment employment mmi before joining the School of Civil Eogineer- 
ing bring proof of their having aequired the knowledge comprised 
in the two mathematical courses already given, such proof to 
consist of a certificate of their completion of the second course of 
the Mathematical School, or of having paaaed the examination pre- 
Tioualy refeiTed to. 

The succesafiil candidates, after having paased the prelinrniary 
or entrance examination, will then have to undergo the followmg 
course of instructions : 

School of Cmii ENGrNEEEiNG. 

Fird Ymr^s Course. 

Strength of materials (Parts I. and II.)- 

Apphed hydraulics and the mechanical theory of heat. 

General administrative economy. 

Political economy, 

Freehand drawing, Laudacape painting and water-colouring. 

Hydranhc works (first course)* 

Hoad construction do. 

CoDstmetive examples (first course), 

Use and nature of mechanical instruments. 

Constructiou of machinery (first eonrse)* 

Chemical nomenclature. 

Technical course of architeetui'e. 

Study of the orders of architecture (first course). 

Exercises in architectural projects. 

Constructions in nmsonry. 

Genenil history of art. 
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Second Tmr's Course. 
General study of maoufactuies. 

The general and more important epecial sttidy of ciTil kw, 
Freehand drawing ; landscape drawing and water-eoloimng. 
Hydraulic works (second {X)urse), 
Boad construction (second course). 
The constniction of railways* 

Examples and exercises in the construction of hydraulic ^o-rkfl 
and Tomk (second course). 

Theoreticfil study of machinery. 

Theory of the consumption of fuel and heating apparatus. 
The manufacture of machine (Part II*), 
Mechanical nomenclature. 
Study of architectural orders (second course). 
Exercises in architectural projects (Part II,). 
General history of art. 

Third Course (mx Tnonihs), 

Hydraulic works (third course). 
Eoad construction do. 

The above with special reference to the Grand Duchy of Bade 
De^i!iguing important Engineering projects. 
Marine works. 

Practical geometry (Part IL). 
The higher geodesy. 
Method of fluxions. 

N.B. — Every year excursions are made to examine works eit 
in process of conatmctiou or already carried out. 

Examination fob ibe. Diploma of CmL ENamEEBiNGt- 

At the close of the School year 1867-8 the following were the 
written questions given at the examination for Diploma in Civil 
Engineering at Carlsruhe ; 

A, — Fradical Engineerinff. 
Question 1. — A company having undertaken to oonstruct a 
railway in a country having a vrann climate, where there is no 
frost in winter, there occiurs a bridge on it over a large river. The 
bridge is to be for double track, and its site is a place usually 
flooded at high water to a masimmn width of 2,000 metres on 
either side of the river bed at low water. The sketch No, 1 gives 
the cross section and water levels. The deeply cut out bed of river 
is 1,000 metres wide. The least depth of water at centre of 
stream, 10 metres ; difference of level between lowest water and 
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igtest flood, 12 metres ; the velocity of cnrrent at low water is 
metre per second. 

There ie a considerable aod increasing ship traffic on the river, 
md gteamers ply on it dnring the high water. On this account the 
imit for the lowest part of the superstractnre is fixed at 10 metres 
for at least two-thirds of the clear opening of each span. In the 
l|000 metrea wide naTigable part of the ri?er no span shall be less 
than 60 feet. 

It is the interest of the company to adopt the cheapest mode of 
eoaatmction. 

Eeqiured — let. The minimnm length of bridge to he oon- 
stmcted without raising the high water (by the impedimenta 
j placed in the way of the flood) by more thaa 30 centimetres, 
' that stipulation being enforced by the conoessiun. 
jl 2nd. The lowest level of the rails over the water surface, so m 

to diminish the abutting embankments. 
I 3rd. A syatem of construction requiring as Uttle masonry aa 
L possible, as stone and lime are dear, and difficult to be 
I obtained. 

4th. A construction which can be prepared, to the finishing, 
J in distant workshops, and be conveyed to the site of erection 
I by water ; there to be put together with the least possible 
manual labour. 

^e river bed consists of sand and gravel in great thicknesSi the 
c>ded banks of loam and loamy sand. 

Question 2.— An embanked regulated stream has a fall 1 in 2,000 
r a considerable length. The bed of the stream at bottom is 
i metrea wide, slopes of banks 2 to 1, least depth of water 0*8 metre, 
fteatest depth 3'8 metres. The bed is only 2| metres below the 
Itoral surfiELce of ground. On both sides there are embankments 
S metres high and 2 metres wide at top, slopes 2 to L The foot 
1 the slopes stands back 1 metre from the edge of the river bant. 
• It is required to build a weir on the river foi- large workshops, 
liich shall fulfil the following conditions : 

Eight cubic metres of water per second shall be discharged over 
te weir to a side watercourse, and shall at aU states of the water 
rel in the river be of such a height over the natural surface of 
Xmni that the bottom of the factory watercourse shall be oom- 
iBtely formed in the natural soil (in cutting). It is to have a fall 

1 in 8,UO0. The highest water level wmy he increased by O'tiO 
0tre when it is considered desirable for the purpose of construct- 
g works for irrigation, consequently the embanmient must be cor- 
Ipondingly raised. The weir is to have an opening for rafts 
metres wide, and a suitable " shoot" It is to be so arranged 
ftt, in consequence of floating timber and ice in the case of high 



water, the weir can be opened all across the river. Tie piem m 
to be few, and to bo mado of stone or iron. 

The entrance to watercotirse mnj^t be capable of being eloiBed 
perfectly water-tight, in case of repairs being needed. 

In connection with tho weir is to be made a road bridge m 
metroa wide over the rivei and watercourse, also approaches. 

The movable part of the weir mnat be aneh that it can be 
removed by ordinary workmen, without special teacbing, and on 
account of mud or silt an a:^is under water ib inadmissible. Tho 
construction shall be of sohd and durable materials. 

The bed of the river consists of loam, and it is to be carefully 
guarded against the effects of the water 

Bequired^ — Complete drawings of the entire work, and altema- 
tive plana for a different construction shonM such be practicable or 
advisable. Also a description of them, in which the necessarj" 
hydrauUc calculations are given, so as to evince the candidate s 
familiarity with the progress of malem hydrauUc science (and alL 
the other calculations). 



QuesHon 3,— A town of 50,000 inhabitants is to he snpplie 
with water in the proportion of 200 litres per head per diem, i 
addition to which provision is to be made for six pnbHc foimtains ^ 
each throwing a column of water 2| centimetres in diameter 
height of 10 metres. 

Take for example the town of Carlsmhe and aurroundbag count ^ 
with the assumed alteration that it Hes 40 metres al>ove the meairl 
height of water in the Ehine, and that a 50 metre wide navigable 
river was placed at the " Alb " (a point between the Bhine 
Carlsruhe). 

The water supply ia to be taken from the Ehine, and pumped 
to the reservoir by steam power. It is to be filtered, and the di*" 
tributing reservoir in which the purified water is collected is to b^ 
protected from the action of the air and the heat of the sun* ^ 

Enquired — A project for the foregoing work, giving aU the nece*-* 
aary aiTangements^ with the exception of the laying on of water 
the houses. 
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A general plan for the drainage of the city is also to be given. 

Tlie waterworks are to be so arranged as to he capable nude J 
ordinary circumstances of supplying water to the garrets of thi'e©^ 
storied houses, and in the case of fires to discharge the water ove:* 
the tops of the houses, and in the event of the burning of a towe:* 
to deliver water to the fire engines at a height of 40 metres aboT^ 
the streets. 

For this purpose easily-worked hydrants are to be placed 
suitable points in the streetSj which can abo be usod in sumni^ 
lor watering purposes. 
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Question 4.— B m required to cany a donbb line of raUivay 
^m a motintain valley 56 metres in depth* Tlie steep sides of the 
'ey consist of rock, which can also be found at the bottom at no 
t deptb below the surface, A public road 8 metres wide, and 
a stream of 12 metres broad and 1^ metre deep at high water LaTe 
be spanned over. 

The rate of fall towarda the outlet of the valley is 1 in 20 in the 
w of the road, and 1 in 100 for the Btream- A lateral deyia- 
foii is admissible in both cases, but not any alteration as to their 
heights and levels. 

Suitable stone for building is to be fonnd near the worksj and the 
Mowing prices may be assnmed correct : — 

Earthworks per cubic metre , . | florin. 

Bubble maaonry „ , . 8 „ 

AsMar „ , , 30 

Timber framed (in work) , , 40 „ 

Ditto for scaffolding or temporary works . 24 „ 

Cast iron per 100 lbs. . 8 „ 

Wrought da „ . . . 12 „ 

It is required to give projects, and compare their costs, viz., 

a. For a sohd embankment. 
K For a stone viadnct. 
For one in iron, 

*tlie manner of construction, and the necessary temporary works, 
^ ^Iso the proper calcnlations for stabihty in each case are to be 

^trntimi 5,-'GivG the mlog for the proper construction of 
J^tdning walls : their foundations, and the relative dimensions to 
^ given to them* 

Question 6. — Give descriptions and particulars of the different 
^^thods for calcnlatiag the cubical contents of earthwoiis, and the 
f^^sition of the centre of gravity of the same, in the case of the eon- 
^'t:*uction of roads and railways. 

Qu€stw7i 7. — Give a short account of the theory of the pressure 
earth, and point out the errors and uncertainties to which it is 

What form is given to works for @upportmg retaining earth, 
According as they are composed of stone, tunberj or iron ? 

What position and extension give the best bearing surface in the 
^^^ase of retaining waUs in maaonry? 

Quedion 8, — Give description and particulars of the means for 
protecting foundations from undersconring. 
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B. — Applied MechanicB. 

QtwsttM 1. — The gaa power machine of Otto Langenj whicli 
attnieied bo much attention Ett the last Paris Exhibition, had a fixed 
vertical cyhnder^ long in proportion, and open at the top* The 
piston-rod is toothed, and mtches in the horizontal axis of the slmft 
of the fiy-wheelj which drives a oog^red gear. The latter is, liow- 
ever, only conpled with the shaft of the fly-wheel when the piston 
raoves Imckwards. When the piston is at its lowest psition, there 
is admitted nnder it a mixtnie of about 1 part of ordinary coal-gas 
and 9 parts of atmospheric air ; while the piston is raised np to a 
given height, at wMch the gaa mixture takes fire, and simiiltft- 
neoiisly the escape opening is closed. In consequence of the gr^t 
increase in the expansion produced by the heat, the piston is dmen 
further forward ; that is to say, so long as the work of expansion of 
the gas mixture is greater than the atmospheric pressure (no 
account being taken of the weight of the piston itself). 

During the whole of tbra forward movement of the piston the 
gear is not coupled with the fly*wbeel shaft, the latter and thi 
resistances being then driren only by the vis-viva of the machi- 
nery in motion : when, however, the piston reaches the highest 
point where the atmospheric pressure exceeds the elasticity of the 
gaSj it is driven back, and the teeth of the piston-rod become con- 
nected with the cogged gear before descrioetl; and consequently 
the unnecessary work done by the atmospheric pre^ure is trans— 
ferred to the fly-wheel. At a certain position of the retreatin^t. 
piston the pressure on both faces of it becomes again equal, and th 
gas escapes through an opened valve during the remainder o 
the downward passage of the piston. 

Required to know what is the theoretical yolume of gas (at 
temperature of 0*^, and under an atmospheric pressure) expended pe^*^J 
hour for each horse-power gained, when all particulars, all loss or^ 
gas and of heat fromcoohng down are taken into consideration^ A 
Also if the alteration in the condition of the gaa mixture too^^^j 
place in a vessel impervious to heat, and when further it is assunie^^^ 
that the burning ot the gas mixture is instantaneous (i e. is fol- 
lowed by a constant volume) ? 

How large must be the driving-wheel of the machine^ taking 
into considemtion all these neglect losses and defects, where it 
fouud that in working order it consumes 1 ^ cnbic metres of gas at 
a temperature of 0° and under atmospheric pressure, per hour, for 
each horse-power ? 

The condition of coal-gas may be taken as such that its density 
== 042, as compared with air taken at 1. 

The complete burning of 1 kilogramme producing 10,100 units 
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of heat, the necessary air for which =14 kilogrammeSj 
combustion produces — 

^ 2^2 kilogrammes of carbonic acid gaa, 

2^0 J, of steam, 
■P' 10*8 „ of nitrogen. 

I Hence the specific heat (for a constant pressure) of tho gas 
fcnixture after the puffing is found to be ? 

1 That of carhonio acid gas being given as = 0-216 

L steam . . . , , 0*480 

■ „ nitrogen 0*244 

I the superfluous air present . . 0"i^38 

I — The specific heat for constant volumes can be taken in the 
■proportion of 1 to 141 leas than those for constant pressure. 

P Quedwn 2. — A crank C A ( = r), rerolving round an axis at C, 
is oonnected by a joint at A with the crank-rod A B (=1), which 
at its end B traverses a straight line in the 
direction C B, The rod A B being uniform 
throughout its length, and having a mass = m. 
It is desired to ascertain the following informa- 

P I, How the mass of the crank-rod can be 
reduced approximately at both ends^ that is to 
Bay, to determine the both masseSj which when 
the end points A and B are concentrated in the 
aniddle for the varioua positions of the crank, 
iaken together would possess the same vis-viva 
the crank-rod. 

11. The greatest moment of force (= M) is 
to be determined of the tendency of the crank- 
rod to bend, in any jx^ition in oonaequence of 
its resistance of inertia to acceleration, in the 

jftse where the crank moves with a uniform 

relocity making n revolutions per minute, under 

he condition that ^ = \ is a small fraction. 

In hoOi questions such approximate calculations will be 
ftifficient as omit the members with X\ towards unity. 

In Question 11, the position of the crank should be determined 
rhich has the maximum moment (M), X being ^ i^, 

— Oonsimet'ion of Machimry, 

Qumiion 1*— Eequired the necessary calculations for a travcUmg 
Steam-crane, capable of lifting 120 cwt. 
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The crane is to be substantially similar to that given in 
sketch. The carriage is to consist of a wrought iron frame with 
cast iron centre piece^ into which the cast iron turning colunm is 
to be fitted. 

The plates revolve by means of a level traverse (as also the 
crane, boiler, and apparatus) round a pivot made fiast to the 
ledge of the column, which can turn, bv means of oblique rollers, 
round a conical circle cast on to the middle piece. 

The arm to consist of two pieces of oak timber plaoed close 
together, carrying above a movable pulley, and can turn below 
round a horizon!^ axis attached to me platform. 

The unloading can be varied at pleasure, according to the 
mechanism shown in sketch. The boiler is to be an upright 
tubular one, and made fsist to the projection at the back of the 
platform : it, as well as the water-taiuc, is thus to serve as a 
counter weight, for which purpose also additional weights may be 
placed at the back of the platform. The steam-engine is to have 
two cylinders, working on a bent shaft by means of two cranks 



set at right angles to each other. 
The principal data are as follows : — 

Load. Crane is to be capable of raising 120 cwt. Metres. 
Distance between extreme bearings (wheels) . . .3*40 
Width of gauge (from centre to centre of rail) . . .1*60 

Length of arm 5*20 

Hook in ditto at its highest position extends from centre 

of turntable 3*50 

Height of top pulley above rails 5*50 

The distance from hook to centre of turntable, when the 

arm is brought to its lowest position . . . . 5'10 

Ditto height of pulley above rails 4-10 

Greatest depth below rails to which the lifting-hook can be 

lowered is 3*20 



The greatest height to which the hook can be raised is to 
within 1 metre of the top pulley. 

This maximum lift is to be effected with a load of 120 cwt ii^ 
If minutes. 

The piston-drum can have a length of 0'80 metre. The chains 
shall only be simply unwound. Pressure of steam in boilers 
to equal 4 atmospheres. Mean velocity of piston 0*80 metre. 

For the best proportion . of the pulley, one free roll and oner 
movable roll 0*90 may be taken. For the remaining friction o£ 
the regular crab, transferred to the drum, circumference abouts 
five per cent, of the strain on the chain may be taken. 

The following are to be calculated : — 
I. Tension length and strength of hoisting chain. 
II. Dimension of crab-drum. 
III. Strength of steam-engine, and principal dimensions, viz., 
diameter of cylinder, stroke, crank, and connecting-rods. 



lY, Transmission-wheelB, besides principl dimensions of 
cogged wheels and axles. 

V. Heating surface of boiler, 
YI, Position of boiler, and size and position of counter weights. 
TH, Dimensions of turn colonms and their pivots. 
VIIL Cross-sectional dimemions of arm. 
IX Give a design for stiitable machinery for dhrecting and 
turning the crane by Bteam-power, without thereby causing any 
Tertical motion to the load being hoisted. 

Should there not be sujaicient data giTen to admit of 
Questions YI. and IX* being answered, suitable additional data may 
be assnmedj or the principal processes in theae calculations may be 
iflfiicated. 

Question 2. — Describe the process of measuring the workiBg 
|>0rformance of a stationary steam-engine :— 

1. By means of the breai dynamometer. 

2. Ditto indicators. 

Qmdi^ 3. — Describe the process of pulling in and out of 

Qmsiim 4. — Describe the process of reversing. 

D. — Amhjds (and iU appUeatmi), 
Quedion 1. Both functions — 

. cos (x . sin 6) 
and ™'*. sin (aj , sin 8), 

to be developed in series which shall progress by whole powers, 
f "^nth positive exponents of the variable x. 

The conditions of the convergence of these series are to he 
^^^tennined by the aid of the remaining members. 

At tho same time a precise description is required of the 
?^^ans which analysis possesses for such developments of series, 
**ielusive of the exact proof of the proposition laid down. 

Question 2. — In the interior of a circle lies an elementary line 
^hose direction passes through the centre, and it is lighted by a 
Itijimious point occurring on tbe drcumlerence. 

When, therefore, the intensity of illumination is proportionate 
to the sine of the angle of incKnation of the ray of light against 
the given line, and on the other hand propoiiionate to the 
square of the distance from the luminous point, on what pirt of 
tEo circumference must the light bo placed when the intensity 
of illumination on the elementary line is a maximum ? 
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Question 3. — Find the value of the integrals — 

Question 4. — Determine the snr&ce space between the cissoid 
(2 a — oj) = a? and its asymtote, as also the entire length of 

# # 9 
the curve + = a^. 

Question 5. — The axes of two right-circular cylinders of equal 
radii (a) cut each other at right angles. 

It is required to find the space occupied by the compound body, 
also the portion of the one cylinder surfiace which lies within the 
other. 

Question 6. — How great is the portion of the surface of a 
sphere {x^ xy^X = a^) which is cut out by the cylinder 
(aj2 X y^) = a x. 

Question 7. — Integrate the partial differential equation — 
dz ^ dz _ x^ 
^ dx ^ dy ~ 

and prove the correctness of the solution obtained ; at the same 
time give a precise and carefully-detailed description of the 
method of integrating the linear partial differential equations oi 
the first order. 

Question 8. — What is the real value of the fonctions — 

TT TT 

4aJ irx 

2aj(e + l) where a; = 0? 

Question 9. — How is the greatest and least value found 
which the function u = ax^ + ^^xy + is capable, wh^ 
the equation between the variables x and y is expressed by — 
(1 + X2) + 2 X flj y + (1 + y2 ^ 1 ? 

Question 10. — Determine the value of the integral — 

dx 



Question 11. — Integrate the linear differential equation — 

P^-a,y, = a^. 
a X 

Question 12. — common cycloid rotates round the tangent ^ 
its summit. What is the size of the surface and the volume of tbi 
generating body of rotation ? 



Quesiion 13, — Find the curve whose property is that the surface 
tvfeen the abscissa and otdiimtej the curve and its cloaing ordi- 
te is proporfcioimte to the curve. What is the curve ? 

Qmstwn 14,^ — Develop the e^ntial properties of the loga- 
Itliuic spiral vrhich relate to the tangent and curve. 

Question 15. — How is the equation to a curve of a ri^bt-eir- 
Cfular cone founds whose tangents mate constant angles with the 
line of generation ? 

E. — Analtfiicai Gernndry. 

QueMon 1, — Given two right lines interHecting one another, 
^bat is the geometrical position for all points for which the pro- 
portion of their shortest distance therefrom is constant ? 

A carefol investigatiou of the position which it must reach when 
deyeloped is required, as also the determination of the situation of 
tie same in reference to the right lines. 

Question 2. — Given a fixed point (0) on the surface of a sphere, 
aad anywhere else in space another fixed point (A). 

Through A draw rays cutting the sphere at D and D', from 
dmw also rays through D, and mate on them the distance 
OM = AD\ 

Now when the point D travels over every part of the sphere's 
Btiiiace, where is the position of the point M ? 

An exact investigation is required of the situation, as also 
tte determining of its special properties. 



:ion 3, — Given two lines, viz., A = a, and B = b, 
liBTing a common termination at 0, and making an angle between 
tbeir directions = 0. 

Throngh B draw a line cutting A in P and OB in Q in the 
Proportions — 

OA_BQ 
PA"OQ" 

"What is the geometric position of the intersecting point M of all 
^^oh pairs of lines, and what are their special properties in respect 
*^ their length and position, in reference to the right lines A 



Question 4,— Determine the form and position of the curve — 

- 4^ a^) f - VI a\gs{a - y) =^ 0, 

^tb r^pect to a system of right-angled co-ordinates ; and give a 
drawing of the curve. 
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P. — Analytical Mechanics. 

'xi- 

Question 1. — Two smooth planes cut each other at right angles ;= 
in a horizontal line, one of the planes being inclined to the horizon :L 
at an angle = 6. 

In the angle formed between the planes rests a heavy homo- "7 
geueous right-cylinder, of elliptical cross section (whose semi-axes ^ 
are a and h), in such manner that the major axis is parallel witl ' 
the horizontal intersection of the planes. - 

Determine the position of equilibrium of the cylinder, and the 
pressure which it exerts on each of the planes. 

An accurate development of the general principles which serve 
to solve this problem is also required to be given. 

Question 2. — An endless, thin, but heavy homogeneous tube 
revolves in a horizontal plane, by reason of an instantaneous shock, 
upon one of its points as a fixed centre. 

In the interior of the tube are N, movable material points of I 
the masses m2 and so on to m„, at the original 03 and so I 
on to a„ from the centre of rotation. I 

What motion vnll the tube and the points assume when the I 
mass of the tube is Mj, its length = Z, and the centeal angulai 1 

velocity it'o? \ 
How is the relative motion of the points circumstanced witb- 1 
regard to each other when the mass of the tube is assumed 9^ \ 
nothing ? 

Question 3. — Two heavy homogeneous OT)heres of the respecti^* 
weights G"! and G-g are connected by a rod (of no weight) who^^ 
direction passes through their centres. The sphere Q-i rests on a.^^ 
inclined plane which makes an angle with the horizon = \. 

Where must be the centre of the sphere G2 when the system 
in equilibrium for every position ? (The distance, fi:om the centr:^® 
being C.) 

Question 4. — Two heavy homogeneous spheres Q-i and G2 ^^"^^^ 
connected by means of a flexible cord which passes over a fix^^*^ 
point A. _ 

The sphere Gi rests on an inclined plane which makes an ang!I^^ 
with the vertical = fi, ^ 

Where must be the centre of the sphere Gg when the system 
in equilibrium for every position ? 

(The length of the connecting cord from centre to centre 
sphere inclusive of the radii being L) 
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Q.—Deserij^tim Geomeify. 

Question 1,— Given the horizontal projection (A' B' G D' E' F' ) 
&f a plan© hexagon (ABCDEF), and the vertical projection 
(A^B^^C") of thi^oo of its angles (ABC). To determine the 
complete vertical projection and the true form of the hexagon. 

Question 2. — Ad ellipsoid revolves on aii axis i* perpendictikr 
to the horizon. Its centre is its vertical semi-axiB — a, and its 
horizontal semi-axis = h 

Also a conej through its principal eUiptical liaOj on tho horizontal 
plane and its apex 
L Determine the lino of intersection I, of both surfaces, and cou- 
■ fltmct their tangents for a given point on L 

Question 3. — Construct the perspective of a sphere of which the 
following axe the data ; — 

, Position of the eye at , . - . A 

m Distance . . , , , , =^ AD 

I Vertical projection - M" 

I Centre of tho sphere on picture surface . = M 

I The distance M,^r = a 

m fiadins of sphere ^ r 

I Further, the light and shadow line is to he constructed on the 
WBorfiw^e where the vanishing point of parallel rays is given at 8, 

^ Question 4. — A plane e is given by its traces and e^, and two 
joints by meana of their projoGtions A' A", B' B", 

To find the point C in the plane at which, if a mirror be 
placed, it will reflect to B, the ray of hght coming from A. 

Question 5. — A revolving ellipsoid ia given by means of the 
projections A' B', A" B", of its axes of revolution, and the length of 
C D the diameter of the greatest curve. 

Construct the projection of the intersection of this surface with 
a plane whose traces '^^^ given. 

Quesiion 6, — A right-cylinder resting on a horizontal plane, and 
a right cone, are given by means of their horizontal proj^tions and 
the height h of the cone. A vertical picture surface stands in- 
clmed towards the axis of the cylinder. The position of the eye, 
a distant point D, as also the vanishing point S of parallel rays, 
are all given on the picture sur&ce. 

Constnict the jjerspective of the cylinder and of the cone^ also 
the shadows that both cast on tho horizontal plane and on each 
other in perspective. 
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H. — Practical Oeometry. 



Question 1. — A piece of land of abont 1,000 acres in extent, and 
consiBting of 2,000 different properties (holdings), is to be surveyed 
with the assistance of a theodohte and offiiet square, and plotted, 
and the contents of each holding calculated. 

Describe the process. 

Question 2. — Describe the various methods for staking onfc 
curves of circles. What are the advantages and disadvantages 
of each ? And under what circumstances is each most suitable ? 

According to what convenient formula can tables be calculated, 
giving the necessary figures for particular methods ? 

Qtiestion 3. — ^How is a theodohte to be tested and adjusted ? 

a. When the telescope is reversible and can form a complete 

revolution on its horizontal axis. 

b. When the telescope can form a complete revolution on its 

horizontal axis, but is not reversibla 

N.B. — A particular description of theodohte mentioned in the 
school text book is referred to. 



This information is accompanied by a copy of the 



Schule zu Carlsruhe, (Programme of the Polytechnic School of 
the Grand Duchy of Baden, established at Carlsruhe,) for the year 
1868-9. 

The contents of this work are as foUows : — 

Object and organization of the schooL 

List of lectures and exercises. 

Plans of study of the separate schools. 

Subjects of the examinations for diplomas, hterary and graphic 

Extract from the rules of the Ubrary. 

Personal list of the school. 




See also the French Beport for further information. 
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agdom of Wurtemburg has arrangements for the oduca^ 
jigineers apparently yery samilar to those of the other Nortli 
States ; there hewing a Ciyil Engineermg Department in a 
inic School established at Stnttgard. 
DllowinginformatioE as to thia is oommTmicated by Mr, 
Jj Assoc Inst, C.E. : 

Bntranee to the Civil Engineering Department of the 
mic School at Stnttgard, the student must as a mle have 
sd his eighteenth ye^ir. 

nst possess a proper certificate of good moral training, and 
^mxei the necessary information. 

L nnder eighteen years of age the consent of his parents or 
18 is necessary to his entrance into the School. 
iDst give in a written declaration as to his edncation, and 
ienee of possessing the knowledge without which he could 
I advantage attend the professional courses of inatmetion. 
hall prove that he possesses this preliminary knowledge 
tie principal of the particular technical school, 
jlngineering Courae extends throughout three years. 

Fees far EjUmnce and Tuitim. 

•anoefee 5=084 

•lyfees . . . . . . , 60 = 5 

3 additional when using Chemical Laboratory 5=084 

antB, yearlsr . . . . . . . 42 = 1 2 ' 

IP First Year's Course. 

istry, nuneralogy, and a knowledge of the structure of the 

ical geometry : instruments for the measurement of angles ; 
iangulation, and fixing stations; eradication of errors; 
aetrical and harometrioal loTeiling ; measuring distance ; 
a of foregoing ; trigonometrical calculation of heights ; 
1 mechanics ; stability of buildings ; elasticity and strength 
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of matorials; beam-girders, arches, retaining and " re vetement " 
avails ; solution of practicial examples ; statics and dynamics of 
fluids and gaseous bodies, with special reference to their important 
applications in the practice of Engineering. 

i^ridgo construction (first course) : especially bridges in masoniy, 
and retaining walk, with examples ; general structures in stone 
and timber. 

Second Year's Gowse. 

Bridiire construction (second course) : with examples, viz., timber 
an«i iiv^u Ividgos ; foundations ; management during constmdioiL 

cVnml study of buildings (second course), with examples: iiQ& 
and mixtxl gtniotures; application of water-power and steam; 
ox»m|^los in the construcuon of machinery ; history of the art 
v'^f bnildiug (first course), especially with reference to the Grecian, 
Ktni^^n, and Roman manners of building. 

IVrsjwtivo drawing: drawing figures from plaster casts; 
dmwing fr^ examples and from nature, in outline 
>uk1 ;«^lcyl, in olialks, lead, pen and ink, brush and colours. 

Third Years Course. 

<vMvstruction (third course): waterworks; road and. 
^^',)>c^^ A^)t$tn)otion« with examples ; staking out ; calcnMag 

U^>4v^5; \ tl\o art of building, with examples (second course) - 
,T«*^\V4Ar,j x^itlx wsfcwnce to Roman and Gothic buildings. 



tV t>NjWin^ (mUktutioiid on this subject are in the Library 

• ^WT KvMvigKoh Wurttembergischen Polytechnische^ 
V/, ^IVOTamme of the Royal Polyteclmi^ 

S,^bbs\si sv; W^vlv^ttWr^. o^taUished in Stuttgart, for the year^ 

• JA^v*^ lVj^iN>i^l K\\i\igl PolYtechnischen Schule zu Stutb-^ 
s^tivo ; tiu sU* SliKlW'^^Wxr l8iM-^>. Mit einer Abhandlung [zo^ 
TtxA^JLio Umuumv^vawMK^ Piv^fossor Baurath von Bunel.^ 

. V.L^'.iuit Sluttgart Polytechnic School, for th^ 

Su>c>isKii ISvM With Vi^Y on the Theory of Vaults, 

Svv^ U^^j\Mi^ vxlf iht^ >Vwoi\ Commission, Translation, p. 172^ 
thv^ tWk^wiu^ Vi m ^xtm-^t ftxviu this: — 

iUo *.U\jij*u»AU t^sx' UuK>v^w M\d wvhitoots comprised, in 1864, about 4(? 
^'u^uU iiUul^^ ^'^ulattHl so timt, on completing their first year 
vxt s^v^aal sitiksUv^ t^H>y ha\\> to |Viu« ouo yoar in the practical exorcise of 
iii<AU- V)XvxlE<)iitiiv^ \tm thW uoYitiato tk^y assume the title of builders 
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eister). When th^y have passed their fourth year at the school, 
re worked one or two years nnder the direction of an architect, 

m take the title of architect^ and are allowed to undertake the 

on of works for towns. 

division of engineers had, dnring the same year, from 60 to 70 
, and an examination of the projects which they executed, and of the 
ietailed and most complete studies of bridges of all kinds made by 
, prove that they have been judiciously taught, and have studied 
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M. Hartig, Secretary to the Society of Engineers of Saxony, 
sends several pnblicationSy with the foUowing remarks : 

The Engineering education in Saxony is always a combinatioa 
of theory and practice, carried out in somewhat different forms for 
the different classes of Engineers. 

For example, those who wish to learn Land Surveying or Eailmy 
Engineering must at first attend all the classes of the Saion 
Polytechnic School and then go into practical employment ; those 
who intend to be Architects or Mechanical Engineers have to pass 
a practical course, either before they go to the rolytechnic ScW 
or after they have finished with me general department of the 
same* 

The Government aid given in support of this education is con- j 
Hidoiable, amounting to sixty or seventy per cent, of the total \ 
ox[H>nse8. 

Tlie following publications have been received : — 
IMo Konigliche Polytechnische Schule (Technische Bildnngs 
lUwhUt) «u Dresden, wahrend der ersten 25 jahre ihres Wirkens 
gi^^hildort; von Pra£ Dr. Hulsse. Dresden, 1853." (An ao- 
tHmut of the first twenty-five years' working of the Boyal Poly- 
ttvluuo School, or Establishment for Technical Traiuing, at 
Drmlw\0 

Organisations plan der Eoniglich Sachsichen Polytechnisehen 
Si^hule m Dresden; genehmigt durch Verordnung der Konig- 
liohen Ministeriums des Innem, von 31 Januar, 1865." ( Plan of 
Organisation of the School, sanctioned by order of the Minister of 
the Interior, 81 January, 1865.) 

Jahresberiehte," &c. (Annual Eeports of the School for several 
years.) 

Katalog der BSbliothek." (Catalogue of the Library.) Dresden, 
1864. 

By these documents it anpears that the Koyal Polytechnic 
Sohool at Dresden comprises the following divisions : 

I. A general course, in which are taught all the general 
branches of tcience accessory to the various technical departments. 
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H. Four technical subdivisioiis — namely, 

a. The Technical Mechanical School, for those persons who 
propose to be manufacturers, directors of manufiEustories, 
or constructors of machinery, in any of the branches of 
technical mechanics. 
h. A School of Engineering, for those who intend to practise 
road, railway, bridge, or hydraulic construction, as well as 
for surveyors. 

c. A School of Technical Chemistry, for manufiEusturers, 
foremen, &c., in any of the various branches of chemical 
manufacture. 

d. A normal School for the training of future teachers of 
mathematics, natural philosophy, and technical subjects. 

There is also an extra course for drawing. 

The fee paid for each fall course in one division is twenty thalers, 
half-yearly, for a native of the country, and thirty for a foreigner. 

The students are allowed to visit national museums and 
collections, to make excursions to pubUc works, railways, and 
technical establishments, and to make extensive surveys. 

Periodical examinations are held, and certificates of proficiency 
are given. 

An extract from the Government Kegulations for the employ- 
ment of their technical servants gives information as to the con- 
ditions prescribed for State appoinixaents. 

The candidates for Government employment in any branch of 
Engineering work must in the first place be in possession of certifi- 
cates showing their having acquired the necessary preliminary 
knowledge ; and secondly, must show that they have been engaged 
for at least three years in the successful practice of the occupation 
in which they seek employment. 

They must then undergo a State examination for either of the 
four following occupations : 

I. Geodesy and surveying. 

II. Engineering construction (roads, railways, hydraulic and 
bridge works), 
in. Mechanical Engineering. 
IV. Architecture and agricultural construction. 

Particulars of the subjects examined upon will be found in the 
pamphlet. 

Certificates are given of the passing of the State examinations ; 
but they do not give any claim to employment by the State. 

M. Hartig has also sent some documents relative to the 
"Konigliche Berg Akademie," or Eoyal School of Mines, at 
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Freiberg, the object of which is exclusively to train students for 



ing this school will also be found in the " American Journal of 
Mining," July 25 and Aug. 1, 1868 (in the Library, Inst. O.E.). 

There is also a " Konigliche Hohe Gewerbeschule, Baugewerken 
Schule, und Workmeister Schule," i.e., a Eoyal High Industrial 
School, and a School for Artizans and superior Workmen, establisbed. 
at Chemnitz, of which a programme is sent. 



Additional information as to the education in Saxony will be 
found in the Eeport of the French Commission. 



mining and metallurgical operations. 
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BAVARIA. 



E only information received directly by the Council as to 
gineering education in Bavaria is contained in a Programme of 
Polytechnic School at Munich (Programm der Polytechnische 
ule zu Miinchen), for 1868-9. 

i'rom this it appears that the school was founded about forty 
rs ago, and contained originally three general classes, and a 
jle special technical school for construction and Engineering. In 
il, 1868, however, the scope of the school was enlarged by 
ral decree, and it now contains the following branches : 

General Education. 

lathematical sciences. 
Natural sciences. 

]he sciences connected with construction and Engineering. 

]he arts of design. 

reneral branches of knowledge. 

Special Courses, 

lonstructive Engineering, 
agricultural Engineering, 
urveying. 
jchitecture. 

[echanical Engineering, 
'echnical chemistry. 

•he details of the studies and the general arrangements of the 
ol wiU be found in the programme, which is in the Library of 
Institution. 

iformation as to the Bavarian Schools is also given in the 
ies to Lord Stanley's Circular. The " Course of Engineering " 
le Munich Polytechnic School is given as follows : — 

16 knowledge of construction in general, and applied specially to 
jes, roads, railways, canals, and water courses. 
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Oonstraction and designing. 
The theory of six>ne-cutting. 
Practical geometry. 

Drawing of sections of stones, walls, &o,, and modelling of the same 
plaster. 

Architecture, after the antique. 

The school is entirely maintained by the State, and stipends i 
given to poor students. There are iroljrteehnic schools also es 
blished at Nuremberg, having especial reference to metal-work, a 
at Augsburg for textile manufiEictures. 



Further information as to the Munich Polytechnic School, a 
other educational establishments in Bavaria, will be found in t 
French Eeport. 
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The followiiig document hme been sent by M, ErejJSJ^, Rector 
of ihd PolytGclinic Institute at Prague : 

"Personal Stand der Koaiglich-bohimslien PoIyteclmiBclien 
Landes Institntes in Pmgt nnd Ordnung der ofFentlichen ardent- 
lichen imd ansserordentlichen Vorleeimgen an deiiiBelben, 1863*4," 
*^Anzeige der Yorlesxingen nud der Personalstaude^ am Poly- 
tedmischen Inatitnte dea Konigieiches Bohmen. Stndienjahrej 
1866-67, 1867-8." 

fProgi-ammes of the lectures and educational staff at the Poly- 
telinic Institute of tlie Kingdom of Boliemia,) 

" JahreB-Berieht liber der Zustand und die Leistung der Poly* 
fetihni&chen Institutes de^ Kdnigreiches BohmeUj 1804-5, 1865-6, 
i866-7;* 

(Annual Eeporta on the atate and results of the Institution,) 

From th^e documents it appears that this Institute comprises 
^*>lir diYisions, to. 

ror hydraulic and road constructioUj five years' course. 

Tor arcHtecturej fiye years' course. 

For machinery, four years' course. 

For technical chemistry, four years' conrse. 

In addition to which many subjects are taught that are not 
Included in the special courses. 

The programmes give particulars of pri^e problems in Engineer- 
^g Construction giyen at the examinations. 

The iiector of the Institute also adds some further informationj 
of which the following is a translation : — 

The annual expenses amount, on an average, to 130,000 florins 
(Austrian currencyj, and are paid out of the funds of the country 
^th the assistance of the school fees. 

The school fee is 50 florins annually, from which poor students, 
according to the progress they show, are either entirely or partially 
freed. The actual receipts in fees amount, on an average, to 
13,000 florinSj so that the expense to the Stata is annually 117,000 
florins. 

The average number of students is 650. 
The expense for each student is about 1 80 florhia. 
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The following gifts are established in the Institution : — 

1. The Gerstner Travelling Gift, for passed technical students, 
600 florins annually, in silver currency. 

2. The Geilling Gift, for technical students who devote them- 
selves to bridge constniction, ,120 florins annually, Austrian 
currency. 

3. The Pollock Gift, for very industrious technical students, 
42 florins annually. 

In addition to these there are many other private foundations, 
the greater part of which are in the gift of Government. 

At present forty-five technical students are in the enjoyment of 
these privileges. 

There are no firee admissions. 

It very seldom happens that the expenses of students are borne 
by private industrial firms. 

The appointment of the professors and teachers is by competitioD- 
or selection. The qualifications for such appointments comprise 
a distinguished scientific and technical training, to be exhibited 
by corresponding scientific work, or by documentary proof 
considerable experience in scientific teaching. 

The students board and lodge in private houses ; the education»«3 
IkxIv superintend their moral behaviour, but their rehgious exercis©^ 
jux) left to themselves. 



Further particulars of this Institution will be found in thi^ 
Translation of the French Beport, page 122. 
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Wrm regard to engineering education in Austria there is informa- 
tion from two quarters. 

The first is from an Engineer at Vienna, M. Nagel, who writes, 
through Mr. Geo, Giles : 

The system of education of Engineers in Germany and Austria 
is in general as follows : 

After haying receiyed in the "Unter and Ober Kealschule" 
(Upper and Lower ordinary schools for practical objects) an ele- 
mentary education, the students enter a Polytechnic Institute, where 
they receive, during five or six years, a technical education. 

hi most of these Institutes they have, at the end of this time, to 
^dergo a first examination. 

After this they pass a kind of apprenticeship to obtain practical 
howledge of their respective branches of Engineering, by serving 
^ volunteers for one or two years either on Government or 
private works. 

At the expiration of this time, and frequently after having tra- 
^^Ued for professional improvement, the second examination has to 
^ made; after passing which the student is entitled to enter 
"^vemment service or begin the practice of a Civil Engineer. 

The accompanying progranmie of the Polytechnic Institute at 
Vienna wiQ explain the nature of such institutions. 



The following additional statement has been received through 
Mi. Abel : 

Engineeeing Education in Austria. 

There are in Austria six principal schools for Engineering educa- 
tion, namely, the Polyteclmic schools at Vienna, Prague, Gratz, 
Ofen, Brunn and Lemberg. 

These are supported partly by the State, and partly by the 
School fees ; for the school at Vienna the State advances annually 
a sum of from one hundred to one hundred and thirty thousand 
florins. 

The principal and best school is that at Vienna, of which the 
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prospectus marked (A), and statute of organisation marked {B] 
are sent herewith. The organisation has lately been remodelled o: 
the plan of that of the Carlsruhe school. 

Those students who enter as pupils in a practising engineer* 
oflSice are not generally required to pay fees. 

Those students who, on completion of their studies, desire U 
enter the service of .the State, have, under the existing regulations 
to pass the so-called " State Examinations " after having passed 
the ordinary school examinations, even if the certificates that thej 
receive on passing the latter are of the first class. 

If under the present rules the absolved " student desires tc 
obtain the rights and title of a " sworn and authorised Civil Engi- 
neer," he must be able to prove that, after leaving the school, hi 
has undergone practical training for a certain time, and mus 
pass the State examination, after which he is sworn in (forthe 
information respecting the nomination of " sworn and authorise^ 
Civil Engineers" will be found in the accompanying municipal 
rules and regulations of the 27th August, 1861, and 31st Ma^ 
1864, marked C). 

At present, however, as the school has been reorganised (sine 
the year 1865), and it has been determined that at the end of th 
course of study every scholar who desires it shall be subject to : 
more strict general examination, the directors are in negotiation witl 
the ministry, in order to arrange that, for the future, a student wh 
shall have obtained good certificates on passing the above examina 
tion shall be absolved from passing the State examinations befor 
being sworn in as an authoris(Bd civil engineer. This point is, ho\t 
ever, not yet decided, and the question as to what title such a studer 
shall receive is also an open one. It is said, however, that he is t 
be called a " Despensiter Techniker " for such and such a branch ■ 
the engineering profession. 

The certificates received by the students at the end of tt 
school term, as also the amount of general knowledge require 
before entering the school, will be found in the prospectus (A). 

The following information is taken from the work named nhov^ 
which is preserved in the library of the Institution, and 
entitled Programm des K. K. Polytechnischen Institutes ' 
Wien, far dar Schuljahr, 1867-8. Wien, 1867, Verlag des K. 1 
Polytechnisches Institutes." 

The object of this Institute is to furnish a thorough theoretics 
and, so far as practicable, also practical education for certain specr 
occupations. 

The Institute comprises the following divisions : 
(A.) The general division, in which such knowledge is taught 
serves for the basis of the foUowing technical objects. 
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(B.) The special school for roads and hydraulic works (engineer- 
ing). 

(p.) The special school for architecture. 
(D.) The special school for the construction of machinery. 
(E.) The special school for technical chemistry. 
The pupils are either regular students, who are usually inscribed 
for fall education in one of tiie four special schools; or extra- 
ordinary students, who only attend certain courses of lectures. 

The ordinary students are examined for admission in arithmetic, 
algebra, geometry, plane and spherical trigonometry, analytical 
f geometry of two dimensions, geography, history, physics, natural 
iistory, geometrical and free drawing, and facihty in German 
composition. 

Each regular student has to pay a fee of fifty florins (£5) 
annually. This may be remitted in special and deserving cases. 

The progress is tested by periodical examinations, and the trans- 
fer from the general to the special schools is determined in the same 
way. 

The capacity of the student for exercising his profession is tested 
by a strict final examination, to show that he possesses all the theo- 
retical and practical knowledge comprised in the course he has 
followed. 

On the satisfactory passing of this examination, a diploma is 
given. 

In addition to the course followed in the school, the student 
Biust also show acquaintance with poUtical economy, commercial 
W, and book-keeping. 

The examinations are partly in writing and partly viva voce. 

The following is the programme of the studies in each division of 
^he establishment ; 

I. BEGULAR INSTRUCTION. 

Division A. 
Genebal School. 

First Year, 

Mathematics (first course). Algebraical analysis. Analytical Geo- 
metry, Elements of the Differential and Integral Calculus. 
Descriptive Geometry. 
Constructive Drawing. 
Inorganic Chemistry. 
Zoology. 
Botany. 
Mineralogy. 
Free Drawing. 

Second Year. 

Mathematics (second course). Differential and Integral Calculus, 
General and Technical Physics (first course). 
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Technical Mechanics. 
Practical Geometry. 

Topographical, Ck)nstractiYe and Technical Drawing. 
Free Drawing. 

DiVIBION B. 

School of Enoimxebing. 

First Year, 

Bnilding ; materials and the art of construction. 

The Mechanics of Construction (first qonrse), general division. 

Mechanical Technology. 

Technical Physics. 

Analytical Mechanics. 

General knowledge of Machines. 

Ornament Drawing. 

Second Year, 
Earthworks — setting out; Tnnnelling. 
Construction of Bridges. 
Exercises in Construction. 

The Mechanics of Construction (second course); theory of Brid^^s- 
Spherical Astronomy. 
Higher Geodesy. 

The knowledge of Ground and Soils. 

Third Year. 
Eoad and Kailway Construction. 
Hydraulic Construction. 
Eailway Architecture. 
Geology and Mineralogy. 
Law, as relating to Buildings and Eailways. 

Division C. 
School op Abchitbotubb and Buildino. 

First Year, 

• Constructive Architecture (building materials and construction). 
Exercises in Construction. 

Architecture as a fine art (first course — ^ancient Architecture). 
History of Architecture (first course). 
Technical Physics. 
Ornament Drawing. 

Second Year. 

Architecture as a fine art (first course continued). 

History of Architecture (fiist course continued). 

The Mechanics of Construction (first course — general). 

Mechanical Technology. 

General knowledge of Machines. 

Geology. 

Ornament Drawing and Modelling. 
Perspective. 

Third Year. 

Architecture as a fiine art (second course — the Middle Ages and 

Eenaissance). 
Agricultural and Industrial Architecture. 
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listory of Architecture (second course). 
Summary of Eoad and Hydraulic Construction. 
Law^ as relating to Buildings and Bailways. 

DivisroN D. 
School of Maghinebt. 

First Year, 

Theory of Machines (first course). 
Construction of Machines (first course). 
Analytical Mechanics. 
Technical Physics. 
Summary of Architecture. 
Constructive Drawing. 

Second Tear. 
Theory of Machines (second course). 
Construction of Machines (second course). 
Greneral ideas on Eoad and Hydraulic Constructions. 
Mechanical Technology. 

Division E. 
SOHOOL of Teohnigal Chemistbt. 

First Year, 

Organic Chemistry. 

Analytical Chemistry. 

Exercises in the Laboratory. 

General and Technical Physics (first course). 

Technical Mechanics. 

Second Year, 

Chemical Technology for inorganic bodies. 

Exercises in the Laboratory. 

Technical Physics. 

General knowledge of Machines. 

The knowledge of Gkx)ds and Merchandize in general. 

Methods of Livestigation. 

Comestibles, Technical Eaw Materials. 

Third Year, 
Chemical Technology of organic bodies. 
Laboratory Exercises. 
Agricultural Chemistry. 
Mechanical Technology. 
General ideas on Arclutecture and Building. 

Division F. 

Subjects wmoH do not belonq to any special School. 

Agriculture, Farming, and Forest Culture. 

Zoology. 

History. 

History of German Literature. 
German Classics. 
Bhetoric and Compositicm. 
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History of the InduBtrial Sciences. 

Applied .Slsthetics, or genend tiieory of Art 

Political Economy. 

Commercial and Maritime Law. 

Statistics; comparison of European nationalities. 

Austrian Law. 

Book-keeping. 

General Civil Law. 

Exercises in business problems. 

n. EXTRAORDINAEY INSTRUCTION. 
Elliptic functions. 

Higher branches of the Differential and Integral Calculus. 
Calculation of Planetary and Comet Orbits. 
Geometry of Position, and Graphical Calculation. 
Graphical Statistics. 

Political Arithmetic and Life Assurance. 
Applied Electricity. 

Mathematical and Physical Crystallography. 

Anatomy of Plants and Microscopy. 

Physiology of Plants in its application to Agriculture. 

Palaeontology. 

Chemistry of AlcohoL 

Manufocture of Pharmaceutical Preparations. 
Psychology and Logic. 
Commercial Geography. 
History of Political Economy. 

Statistics and Economy of Commercial TrafBic in Austria. 
Surgical Aids in cases of Accident 

ni LANGUAGES AND FOREIGN LITERATURE. 

French. 

English. 

Italian. 

Persian. 

Turkish. 

Arabic. 

Stenography. 

EXCURSIONS. 

Frequent excursions are made to illustrate the study of Botany, Zooloj 
Geology, Mechanical and Chemical Technology, Land and Forest Cultu 
Soils and Ground, Machinery and Construction, and Surveying. 

A catalogue of text-books used in the various courses is also append 
and will be found in the library. 

See also Eeplies to Lord Stanley's Circular, page 416. 



The document marked C accompanying Mr. Abel's mei 
randnm (which appears to be an extract from some State papei 
oflScial notifications) contains Government regulations respecting 1 
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employment of Civil Engineers, publicly and privately, 
the following information is taken. 

jons, who, having been examined and sworn, are antho- 
e Government to practise, belong to three classes : 

Engineers for all kinds of building construction. 

tecte. 

surveyors. 

gineers are authorised to undertake the following work : 

ike surveys and measurements and calculations of all 
to make plans relating thereto. 

mish plans, designs, and estimates for buildings, roads, 
lie works and machinery. 

,rry out new works or repairs, and to direct the plans 
lery for the same. 

lue buildings, sites, materials, and machinery, 
adertake investigations and experiments on scientific 
m the subjects of construction, physics, and mechanics ; 
1 and drawings on the same ; reports and advice, 
samine and certify to the correctness of plans, surveys, 
its, &c. 

fcs are confined to so much of the above-named work as 
ith architecture. 

s are only authorised to conduct all work in their 
ire. 

n in the regular employ and pay of the State can under- 
work for other persons. 

I the authorised privilege of practising in either of the 
candidate 

be twenty-four years of age, and capable of managing 
lirs. 

be an Austrian subject, 
be of good character. 

understand the language of the country for which the 
8 given. 

)ractice of Civil Engineering, the candidate 

show that he has passed through all the technical 
jh are prescribed for the State Engineers, 
have had five years' technical practice, either in the 
! department of the State, or with an appointed Civil 
r architect. Two years of this may have been passed 
studies. 

pass a strict theoretical and practical examination in 
50metry, mechanics, and the theory of machines in 

L 
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baildrng, road, az^ hydraulic oonstmciion, and the yarions sciences 
apprTtaining thereto. 

The spe^ aualificationB for architects and surveyors will be 
foimd in the hook itselfl 

The anthorifttktion may be forfeited certain specified acts. 

Anthnrised persons in either of the grades may be borrowed bj 
the (TOTomment at any time nnder oer^dn conditions^ and at fiied 
rates of pay. 

Pnrtber information as to the Vienna Polytechnic School will 
bo fonnd in the Report of the French G)mmission ; and as to the 
ImfHTfol and E^^yal Technical Institute at Briinn^ in the Eeplies 
to liiTird tStanW s (Circular, page 422. j 
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BUCHAEEST. 

In regard to this place there is a letter from the Minister of 
Public Works, forwarded through Sir Charles Hartley. The in- 
formation contained therein is as follows : 

I. The pupils destined to pursue the profession of Civil Engineer- 
follow several courses after having finished their studies at 

te schools (Lyc^es), i. e, : — 

They either continue their special theoretical studies at the &culty 
f sciences, or they complete their practical instruction in the 
orps of the Fonts et Chauss^s, where they may be admitted aa 
'Udent-engineers, and, after certain studies and certificates of 
ptitude, may be promoted to the grade of engineer. 

Or, having finished the studies of the schools, they may enter, 
-ter examination, into the Technical School of Fonts et Chaussees, 
Cider the direction of the Minister of Fublic Works, where they 
in follow for three years elementary studies, as well theoretical as 
tactical, sufficient to be admitted as conductors of works in the 
orps of Fonts et Chaussees. Some among these latter, having 
larked aptitudes, continue their studies during the service, and 
lay pass, after examination, to the grade of engineer. 

Or, finally they go abroad, where they finish their studies in 
ie special schools of the " Genie Civil," and, after having ob- 
lined a diploma, they are admitted as engineers in the service of 
le State. ♦ 

II. The interest taken by the Government in the young men who 
urpose to become Civil Engineers, consists in subventions, allowed 
) them through the duration of their studies in the country, and 
I the pecuniary aid distributed to the most meritorious, who go 
) complete their studies abroad. 

III. No one can be admitted to the capacity of Engineer of the 
tate, or practise privately, without having passed an admission- 
tamination on technical matters. The pupils who have finished 
leir studies in one of the special forei^ schools, and who have 
btained the diploma, are excused from these examinations. 

L 2 
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It mnst be remarked that in this conntry there are three classes 
of engineers : 

(a.) Engineers of public works, who are generally in the 
service of the State, and are only admitted Uiereto after ex- 
amination, and on the exhibition of diplomas. 

(K) Engineers of pubHc or hydranhc works, who practise 
their profession in the service of companies, to which they are 
admitted according to rules fixed by the said companies. 

Topographical engineers, who are only admitted to 
practice after an examination passed before a commission. 

IV. The establishments where engineers are educated in this 
country are at present two in number, viz. : 

1. The Faculty of Sciences, section of mathematics, where 
the pupils acquire theoretical knowledge of calculations, 
geometry, astronomy, mechanics, physics, and chemistry, which 
they apply afterwards by a kmd of apprenticeship with 
Engineers of the State. 

2. The Technical School of Fonts et Chaussees, attached 
to the Ministry of Public Works, in which the students 
receive a theoretical and practical instruction ; limited, how- 
ever, to what is necessary to train the technical agents 
necessary for the service of the State. The instruction in 
this school comprises mathematics, mechanics, descriptive 
geometry and its applications, dravring, physics, and chemisjiry, 
applied to the construction of bridges, roads, navigation, 
railways, architecture, &c. 

V. Every student having undergone the necessary examinations 
in the two schools above named may receive a diploma or certificate 
declaring his capacity to be admitted into the public service, or to 
exercise his profession privately. 

VI. The system of apprenticeship is practised vrith the engineer- 
ing students, who have to pass at least two years in active service 
before admission to the grade of engineer. 

It is also practised for the conductors who commence their 
practical studies along with private engineers, and continue them 
by completing the theoretical knowledge confirmed in the pro- 
grammes, until they can pass the examination for admission, or 
obtain the certificates of capacity. The duration of the apprentice- 
ship is not fixed, and no premium is paid for the instruction. 

VII. As stated in Art. 3, no one can practise the profession of 
Engineer in the service of the State, or privately, without having 
passed examinations of admission, or obtained the diploma 
of one of the special schools at home or abroad, recognised in this 
cai)acity. 
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The technical education in Switzerland is proverbially complete. 
Information upon it may be found at much length in the important 
work of Mr. Scott Eussell ;^ and special particulars, in regard more 
particularly to the education and status of Engineers, have reached 
the Institution from several quarters. 

The following Paper is by Mr. Henry Samson, Student of this 
Institution, who is now engaged in practice in this country, but 
was formerly a pupil at the Zurich Polytechnic School : 

Some Eemarks on the ENGmEERiNO Education and on the 
Legaii Position and Status of Members of the Profession 
Abroad. 

Zurich, Switzerland. 

In the following remarks I propose to describe the course of 
study prescribed by the Senate of the Federal Polytechnic College 
in Zurich, and then to speak of the legal position and status of the 
members of the profession in that country. Before proceeding, I 
may as well say that my knowledge was gained by personal resi- 
dence and study, both at this place and at the Polytechnic at 
Hanover, for, on the whole, a term of four years. 

The Polytechnic at Zurich is a Government Institution kept up 
by the whole of the cantons in the Swiss Federacy ; the Canton of 
Zurich provides the building as a set-off against the benefit it derives 
from the residence of so many professors and students ; the building 
has been put up at a cost of about £120,000, which sum is com- 

ntively large for so small a canton, the whole of whose inhabitants 
ot number as many as some of our large towns. 
The College is presided over by a Committee of the Federal 
Council, who nominate one of the professors as rector (head master) ; 
the latter, acting as chairman of a committee of the professors, takes 
the actual management of the institution. The fees paid by the 
students are nearly nominal, and such as they are, are often re- 
mitted. There are also certain funds set apart for the purpose of 
assisting deserving students, but as these things are all managed 
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in a very quiet sort of way, I did not gain mnch information on 
this point. 

The professors are mostly Germans, whose salaries are not such 
as would attract any great talent in this country, hut for Switzer- 
land are considered high. One or two of the rdgher paid receive 
ahout £700 a-year, but there are many very good men who do not 
receive nearly that sum. Of the students admitted, the number of 
the foreigners bears a comparatively high ratio to that of the Swiss, 
and the former come from all parts of the world, particularly from 
Germany, Sweden, Norway, the United States of America, the 
Brazils, England, &c., &c. 

Both French and German being the languages spoken in different- 
parts of Switzerland, it has been found necessary to have the prin- 
cipal lectures in the first two courses held in both those languages ; 
but as ample opportunities are given for acquiring the GermaiL 
tongue, the lectures in the higher classes are only conducted in 
that language. The College is divided into two primary divisions, 
viz.: the Preparatory Class (one year) and the Polytechnics 
Proper. 

The greater number of Swiss are at once admitted into the Poly — 
technic Proper, having previously received a thorough preparatory^ 
education in special divisions of the National schools set apart for^ 
the purpose. The Preparatory Class is mainly for the French and__ 
Italian Swiss, whose schools, on the whole, are not so good a^ 
those of the German Swiss, and also for foreigners, who, by enter— 
in^ this class, have an opportunity of acquiring a thorough know- 
ledge of the German language before entering upon their actual 
professional studies in the Polytechnic Proper. 

The course of instruction in the Preparatory Class covers a larg^ 
extent of ground, as the students are considered to be already welL 
grounded in that which is taught in this class, and only want 
rapidly taking through the course in order to well understand the 
subjects they will be taught in the following courses. The ground 
gone over in this class comprises — Geometry, commencing from the 
begianing and completing plain geometry; algebra, from the 
fundamental rules to the beginning of the differential calculus; 
natural philosophy, with experiments ; the elements of surveying, 
with the use of the simpler implements, such as the level, &c. ; 
mechanical drawing, and the elements of descriptive geometry. 
During the whole of this course, which lasts one year, the students 
are tested by monthly examinations, and are required to pass a 
stiffish examination at the end of the year, before being admitted 
into the Polytechnic Proper ; if they ML they are allowed one year 
more, but if they fail to pass at the end of the second year they are 
not allowed to continue their studies. The age of admission to 
the Polytechnic and to the preparatory course is fixed at 17 as a 
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minimtimj but many exceptions are made ; still the greater part 
average much higher, the average age at admission being about 
^0 : the re^isdfa of this being, that a great many have already 
enterod upon aome practical course before coming to the Poly- 
teclmic, but finding that they cannot compete with those Engineers 
rned out by the College, oome there at an advanced age (com- 
pajntively speaking). 

Besides the regular students there are some who, although not 
beolutely of the body of the institution, are allowed to attend such 
f the lectures as mil tend to advance them in their reapective 
^'^des ; this class is not numerous, and consists mainly of young 
of the town. 

" The Polytechnic Proper is divided ink) the followiug depart- 
ments, viz. :— 

1, Department of Civil Engineering (3 years). 

2. Department of Mechanical Engineering (3 years). 
\ 3. Department for Architecture (3 years), 

4, Department for Chemistry (2 years). 

5. Department for Forestry anil Agriculture (2 years). 
6* Department of General Sciences. 

I will endeavour to describe the course of stedy comprised in 
t'he first of these departments, namely, tliat of Civil Engineerings 
ttierely remarking, that where practicable, all the departments work 
band in hand, and are gathered together for certain lectures, such 
is mathematics, &g. 

Each class in each department has a separate drawing (design- 
ing) room, hut for the lectures the classes have to go to the rooms 
Assigned to the different professom. 

For the first year of the Civil Engineering class the programme 
Lncltides— Mathematics (the dififerential and integral calculi), natural 
philosophy, descriptive geometryj chemistry, the rudiments of 
engineering and building construction, surveying, the use of the 
surveying instruments, mineralogy, and the beginning of geology * 
the student is also made conversant with the nature, manufacturej 
&C.J of the difierent materials, such as wood, iron, lime, cement, 
stone, bricks, &c* During the winter monthg the theory of survey- 
ing and the use of the higher instruments is completely gone into, 
and during the summer this Imowledge is practically put to the 
test by extensive surveys Ijeing undertaken ; a considerable amount 
is likewise spent in designing roofs, houses, towers, retaining walls, 
wooden bridges, cranes, crabs, &c. During the whole of the first 
year frequent examiuations (written) are held in the various matters 
of study ; besides these written examinations, each professor has 
frequent meetings to which he invites a certain number of his class 
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vocBy I consider of great valne, as they enable the stadent ta 
inquire as to anything he may not have understood during the 
course of the lecture. 

Each lecture is as far as possible illustrated by expenments and 
models, of which latter the College possesses an excellent collection. 
In the cellars of the establishment there is fitted up a set of good 
took, such as lathes, drilling machines, vices, &c., worked by steam- 
power, and a skilled mechanic is employed to teach and superintend 
m this department. 

The second year is taken up with lectures on railway construc- 
tion, roads, bridges, &c., and a great portion is devoted to designing 
under the personal superintendence of the professors. The higher 
branches of mathematics are likewise continued, and hydraulics, 
water-wheels, inclines, &c., are gone into. 

The course of study in the third year comprises lectures on the 
calculation of strains in roofe, bridges, &c., the theory and practice 
in machinery, docks, waterworks, &c. 

During the whole term of the three years, the student is 
enabled to get a great deal of valuable information relative to 
the theory and practice of the Engineering profession. 

At the end of the term, examinations are held for the diploma given 
by the institute ; this diploma certifies that the holder has gone 
through the course prescribed by the Federal Council, and that he 
is " qualified " to act as a Civil Engineer. 

The question as to the " legal " position of the members of the 
profession is one of very great difficulty ; there seems to be no 
nindrance put in any man's way, nor are those acting as engineers 
for private undertakings required to produce any evidence as to 
their qualifications by the Government ; this class is, however, not 
yet very numerous, which I account for by the fact that private 
enterprise does not run very high in that country. I shouli how- 
ever, think that in time only those engineers who have received 
some diploma or other will be considered duly quahfied "Civil 
Engineers." Pupilage, such as is usual here, is not yet known 
in the professions in bwitzerland. 

With regard to the " status " of the Civil Engineering profession, 
I beg to remark that this term can only be applied in this case 
within very wide limits. In Switzerland very little distinction of 
classes is made, but as far as I was capable of judging, I should 
say that the profession is held in the same estimation as mat of Law 
and Medicine. 

Henry Samson, Resident Engineer, 
Orimwith Reservoir, 

near Skipton, Yorkshire, 



The following letter from M. Kappeller* Presklent of the 
Ztirieli Polytecbnic School, giveB some further particulara. 

CraQaktion.) To Mr. Forresii Set^eiury to the ImiiiuUon 

" of Civil En^iiieerSf London, 

fHoKOUKED SlE, 

•'General DnfouTj of Geneva, laid before tis some timo 
a circTilar from the Enghsh Institution of Civil Engineers, 
pin which citiestions were asked and information required re- 
specting diiferent Engineering t^cLoob and their organization. 
We have the honour herewith to tell you that we are now in 
If* position to give you an account of the circumstances of the 
ation of our own school ; not. however, of the arrangements 
any other institution: for the remainder in Switzerland, 
the exception of the Special Sohool^ in LauBanne, are still 
noTe tnifonned. 

"You will learn from the accompanying pamphlet all that con- 
»ma our estahliahment — viz* the groundwork of the Polytechnic 
Iiistitntion ■ rules with iUnstrative examples; exceptional and 
*iiploma regulations : vrith a programme of ingtmction which ia 
'feable and nec&^ary, as well for the general organization of the 
sch(x>Is as tor the Engineering deparknent in particular. For 
fiirther information as to the exiating corporate divisions of Civil 
Mecbanieal EogineerSj and also hy way of reply to your ques- 
the followmg remarks must suffice. 
■ "Since its formation in February, 1854, the Polyteclmic Institu- 
^n has, with a trifling additional a^ssistance, supported itself, receiv- 
ing originally an income of IOHjOOO franca per annnm which is now 
increased to 250,000 francs ; the entire current hudget of the institu- 
tion is 300 J 000 firancSj which with that portion of the money that 
fkUs immediately to the profeasori^ amounts to 350,000 francs. 

" As in ^ the BchoolSj so also in the Engineering department, 
there tire exceptions to the rules. These may he found among the 
eiceptional regulations, Appendix III*, page 5. 

"The course of study for Civil Engineers is for three and a half 
years ; for Mechanical Engineers three years, any former instruc- 
tion not reckoned, and embraces all points of instruction which are 
thought necessary hy the profession to produce theoretically a good 
Engineer. 

" All courses of study which pert^ to the strictly economic 
eciences are obligatory on the student. 

"At the close of every year promotions take place* The 
diploma examination at the end of the course is not tiompulaoryj 
but the honour of undertaking it is open to every student. Never- 
thdesSj the students of the upper course at least avail themselves 
of this examination, and the gretiter part come out well. The 
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remaining pupils receive parting testimonials, marking their 
attainments, &c. The numbers run from six to one, of which 
six is the best position. The departments over which the 
diplomsrexamination extends, together with the whole proceedings, 
are subject to the regulations for the diploma-examination (Ap- 

Sendix II.). The diploma forms a mark of merit for good conduct 
uring the course of study ; but it is only awarded to those whose 
knowledge is unmistakeably above the level of ordinary attainments. 

" Neither diploma nor testimonial necessarily qualifies the student 
for State service, but they are a good and certam recommendation. 
It is nevertheless open to any free professional man to gain what 
his attainments may deserve. 

" It is not absolutely necessary to go through this process of 
apprenticeship to become a Civil Engineer. The school gives 
much more than theoretical knowledge. It is still forbidden to 
bear any professional title in Switzerland ; the principal require- 
ment for the practice of any vocation in our country being 
a theoretical and practical capability. For the professional man 
this must form his call. 

"For educational purposes particular and specially-prescriljed 
books are used. The library of the Polytechnic Institution, on 
which a large sum was spent, contains, besides the ordinary 
periodical publications, the newest and most'interesting works on 
professional subjects, the use of which is free to the students. The 
accompanying catalogue will give you some idea of its contents. 

" C. Kappellee, 
" President of the Siviss ImtUutiov'' 

The following documents accompanied M. Kappeller's letter; 
they will be found in the Library of the Institution : — 

Appendix I. 

" Loi Federale, sur la creation d'une Ecole Polytechnique Suisse, 
du 7 Fevrier, 1854." 

Appendix II. 

Eeglement de I'Ecole Polytechnique Suisse, 28 Fevrier, 1866." 
"^Rapport du Conseil de I'Ecole Polytechnique Suisse, au Con- 
seil Federal sur le projet d un nouveau reglement de TEcole, 
26 Dec, 1865." 

Appendix HI. 

" Eeglement pour les examens d* Admission k I'Ecole Polytech- 
nique Federale en execution des Art. 13 et 14 du Eeglement de 
I'Ecole du 26 Fevrier, 1866." (There is also a copy of each of the 
above works in German.) 
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Appendix IV. 

" Begnlativ far die Diplompriifangen des eidgenoesischen Poly- 
echnikams in Zurich." (Begulations for the examinations for 
liplomas in the Swiss Polytechnic School at Zurich.) No date. 

Appendix V. 

"Programm der eidgen. Polytechnischen Schule fiir das Schul- 
yhr, 1868-9." (Programme of the Swiss Polytechnic School for 
ihe Session 1868-9.) Zurich, 1868. 

Also, " Verzeiclmiss der BibUothek des Schwerzerischen 
Polytechnikums." (Catalogue of the Library of the Swiss l^oly- 
* technic School.) Zurich, 1866. 



There is a further communication in regard to the education in 
another part of Switzerland, from M. Marquet, Engineer, formerly 
of the Ecole Centrale of Paris, and now Professor of Mathematics 
inflie Special School of the Academy of Lausanne. The following 
is a translation of this document : — 

Answeb, so far as Switzerland is concerned, to the Queries 
propounded by the Institution of Civil Engineers of 

tiONDON. 

For the education of Engineers, there are two schools, the 
Federal Polytechnic School of Zurich, and the Special School for 
Industry, Pubhc Works, Buildings and Arts, at Lausanne. The 
fonner was founded in 1854, the latter in 1853. 

Before the establishment of these schools, the Engineers of Swit- 
zerland were educated either by practice in oflScos, or in workshops 
or building-yards, or by attending the Polytechnic Schools of 
Prance or Germany, or the Ecole Centrale of Paris. 

Down to 1864, the Special School of Lausanne was a free school, 
founded and maintained by the sole efforts, intellectual and finan- 
cial, of the five professors who had founded it. From 1864 to 
1867, it has been aided by annual subscriptions amounting to a 
total of 12,000 francs ; and since 1867, the State has granted an 
annual subsidy of 10,000 francs, and the City of Lausanne one of 
2,000 francs. This school cannot go on with its own resources, 
as there are not sufficient scholars ; it must soon become a school 
of the State. 

The Federal Polytechnic School is a central establishment for 
which the Confederation pay annually 250,000 francs (furnished 
by the contributions of cantons). The City of Zurich, where it is 
established, contributes annually 16,000 francs, and furnishes 
besides the scientific collections, the forests for the School of Forest 
EJconomy, and the buildings where the instruction is given. 
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In these two schools the Government is represented by a certain 
number of members who form part of the directing council. For 
the special school one of the members of the municipality of tiw 
City of Lausanne has a seat at the council of administmtion. 

rrinted programmes, which may be procured on application to 
the directors, give all the details necessary for admission into the 
schools, as well as the nature of the instruction given. 

The mode of instruction consists in lectures, repetitions, weeklf 
examinations of the pupils, exercises in drawing (mechanical, arch-' 
tectural, &c.), and competitions proposed to the pupils in the form 
of designs to be studied or defended before the professors. 

The courses are arranged by the professors, who lecture orafly, 
making use of drawings on a large scale, either prepared before- 
hand or drawn with chalk on the black board in the presence of 
the scholars. Models of machines or apparatus are also laid before 
the students. 

No books are put into the hands of the students which can snpply 
the place of lectures ; those which they may consult in the library 
are either special treatises on certain branches of Engineering art, 
or periodical publications on constructions, manu&cturing industry, 
machinery, or architecture. 

The students form their own courses of instruction, by preparing 
books from notes taken during the lecture. 

The Federal Polytechnic School of Zurich gives the following 
diplomas : — 

1st division. School of Construction (architecture and the art of 
building) ; diploma of Engineer Constructor. 

2nd division. School of Civil Engineering (roads, bridges, rail- I 
ways, hydraulic works, surveying) ; diploma of Engineer of Pords d ] 
Chaussees ; diploma of Topographical Engineer. 

3rd division. School of Machinery (industrial mechanics, manu- 
factures) ; diploma of Mechanical EDgineer. 

4th division. School of Chemistry (industrial chemistry, phar- 
macy) ; diploma of Industrial Chemist ; diploma of Pharfnacim. 

5th division. School of Forest Economy (agriculture, topography, 
construction of bridges, roads, and hydraulic works, &c., applicable 
to forests) ; diploma of Forest Engineer. 

The Special School of Lausanne gives the following diplomas 

1. Engineer-constructor (bridges, roads, railways, canals, har- 
bours, rivers, and streams). 

2. Engineer-chemist. 

3. Architect. 

There is still in Switzerland some education by apprenticeship to 
a practical engineer. But since the establishment of the schools 
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lentioned above, it is generally preferred to obtain the diploma, 
ind afterwards to gain experience as paid assistants in practical 
service. The writer has no means of obtaining information as to 
the duration of the apprenticeship or the fees paid. 

In Switzerland any one is free to assume the title of Civil Engi- 
neer on his own responsibility without having passed through 
regular studies or being provided with any certificate or diploma. 
The law regulates the responsibility incurred by all those who 
undertake works for the State or for private individuals. 

The public however ^ve confidence in preference to those who 
have obtained diplomas m the public schools. 
The writer recommends strongly a work on industrial education, 

Fared in France by a Commission consisting of General Morln, 
Perdonnet, and M. Mourrier. It is pubhshed by the Im- 
frimerie Imperiale, 1865. 

M. Kinkel, of Hirslanden, near Zurich, sends copies of the 
"Bibhotheque Industrielle et Kevue Suisse," Nos. 115 and 116, 
' (Lausanne, July and August, 1867,) in which are articles by 
Professor Botley, on the Federal Polytechnic School ; these will 
also be found in the Library of the Institution. 



The following additional information is communicated by Mr. E. 
Crawford, Assoc. Inst. C.E. 

For entrance to the Polytechnic School of Zurich the following 
are necessary : — 

1. A written statement containing the name and home of the 
candidate, the profession or calling for which he is to be prepared, 
as also the department and class he wishes to enter. 

2. The written consent of his parents or guardians. 

3. A certificate of age : as a rule, 17 (or for the 2nd class, 18,) 
is the standard. 

4. A satisfactory certificate of moral character from competent 
civil authorities, or from the authorities of the last school at which 
he was. 

5. Certificates as to the course of studies gone through up to 
that time, as also of his practical diligence, in the event of the 
candidate having previously been occupied in any calling. 

Those candidates who have not strictly fulfilled the requirements 
for entrance stipulated in articles 7 and 8 of the Eegulations, or 
who are not allowed to omit the entrance examination in conse- 
quence of possessing a certificate of fitness from a recognised school 
authority, have to pass an entrance examination at an appointed 
time, and to deposit at the office of the director some unassisted 
geometrical and perspective drawings. 
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Partictilars as to the entrance examination \vill be made known 
by means of a notice posted up. 

Entrance and Yearly Fees, 

Francs. £. s. d. 

Entrance foe 5 4 

Yearly fees 100 4 

Ditto Library fee .... 5 4 

In case of attending the laboratories or workshops during the 
winter half year an additional charge is made of 30 francs (£1 4».) 
for each of the chemical laboratories ; 10 francs (8s.) for the metal 
workshops, and 5 francs (4d.) for the model workshops. 

ENGiNEEBma School (Three Years' Course). 

First Year's Course. 

Differential and integral calculus (with repetitions); descrip- 
tive geometry (with repetitions) and examples. 
Study of the art of building. 
Building drawings ; plan drawing. 

Second Year's Course, 

Study of differential equations ; differential and integral calculus 
(with repetitions). 

Technical mechanics (and repetitions). 
Plain geometry. 

Study of shadows and perspective. 

Topography. 

Technical geology. 

Technical physics (with repetitions). 

Construction of machinery. 

Third Years Course. 

Theoretical study of machinery. 
Mechanics. 

Theory of heat, and theory of the steam engine. 
Construction of earthworks, bridges, and tunnels (with repe- 
titions). 

Examples in construction. 
Construction of roads and canals. 
Geodesy ; plan drawing. 
Astronomy ; administrative law. 
Theory of construction of iron roofs. 

The manufacture of rolled iron and the strength and calculations 
for iron girders. 
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Fortlier infonnation as to the Federal Polytechnic School will 
be foTmd at page 524 of the Eeplies to Lord Stanley's Circular, 
and at page 156 of the Translated Eeport of the French C!om- 
mission. 



School at Lausanne. 

A very full account of this School will be found at page 516 of 
the KepHes to Lord Stanley's Circular. 

The object of the School is to form Civil Engineers, Mechanical 
Engineers, Chemical Engineers, and Architects. It is organised so as 
to afford to young men destined for any one of these professions all 
the theoretical and practical knowledge required. The studies 
extend over three years. 

Full detailed programmes of the instruction are given. 

All the courses are equally obUgatory on the pupils whatever 
may be the special branch wnich they may have selected as their 
future vocation. 

At the end of the third year the pupils pass a competitive 
examination for the purpose of obtaining a diploma of Engineer . 
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The following is a translation of a memorandum fumishe^^ ^7 
Professor Sismondi, of Turin : 

I. On the General System of Instruction of CivU Enginee^^ 

in Italy. 

Candidates for the diploma of Civil Engineer have to go tino'i^S^ 
a course of mathematics in one of the Universities of the 
having a fiaculty of physical and mathematical sciences. 

This course occupies three years, and the students learn thei^ 
algehra and analytical geometry, the differential and integral 
calculus, mechanics, descriptive geometry, theoretical geodesy, 
inorganic chemistry, physics and drawing. 

In order to he admitted to this course, the young men mtist 
have passed the final examination of the ordinary schools (Liceo), 
and the examination of admission for the mathematical course. 

After the termination of the course of the University there is 
an examination for each of the suhjects studied, after passing which 
the student is admitted into the School of Application. 

In this school the course lasts two years ; and the student 
studies there applied mechanics and practical hydraulics; the 
construction of civil hydraulic works and of ways of communica- 
tion ; chemistry, mineralogy, and geology, so far as interests the 
practical engineer; agricultural economy, jurisprudence, and 
political economy, so far as concerns engineering; practical 
architecture, surveying, especially topographiaJ, mechanical and 
constructive drawing, &c. 

There are two Mechanical Schools, having the special ohject 
of teaching all that relates to the steam-engine and to railways. 

According to certain new regulations, not yet carried into effect, 
the Civil Engineers will attend lectures on industrial physics and 
mechanics. 

When these courses are finished, and the examinations passed 
on each subject, the candidate is admitted to a special trial, 
after which he receives the diploma of Civil Engineer. 



Whdk^r or rwft the Government intervenes^ and the nwde of 
Us intervention, 

^ICie UniTerBity Schools, and the Schools of Application, are 
at the charge of the Govemment, hoth as to the pay of the 
?^o£essorg and as to the cost of the museum^ laboratories, &c* 

Ihe School of Milan receives a part of its endowment from the 
axty and from the society of local eucionragement- 

Ihe students pay fifty francs for the admission-examination to 
conrse of the University ; one hundred franca per annum for 
^^c*! year of the mathematiciJ course; one hundred francs per 
^xxxium tor each year of the oourae of apphcation ; and one hmidred 
ifttid twenty franca for the final examination. 
B TChey also hear some part of the reasonahle expenses of the 
T>*'Bctical exercises. 

III. The Schools of Application for engineers are : 

That of Turin, founded in 1859^ and opened the following 

y^r. 

That of MilaDj founded some years later. 

That of NaplcSj which is an old School of Ponta et Qiausseea, 
^*^apted to the model of the School of Turin- 

lo the Universities of Padua and Palermo there is added to 
tlie mathematical course a species of School of Apphcation ; the 
J^TofeasorSj however^ are the same. 

IT* With the present paper there are sent the programmes of the 
^^^urses of the School of Apphcation of TuiiiL 

For the cour&es of architecture, mineralogy, practical geometry, 
^^nd drawingj there are no progranmaes. 

W V, The instniction in the School of Turin is divided into two 
terms : the first is from the middle of November to the middle of 
May, and is both theoretical and practical ; the second is from 
the middle of May to the end of August, and conaista of practical 
exercises in the applications of the various sciences varied with 
flcientific excursions. 

There is sent herewith a list of the teachers, with the orde of 

^ their lectures, and the programme of the practical exerciges. 

B No text hooks are adopted ; the professors indicate to the students 

^ the works most accredited, which they then consult in the hhrary 

^ of the schooh 

B The Professor of Agricultural Economy has, however, published 
" a treatise, appertaining chiefly to hLs own instruction. I primi 
elementi di economia e stima de* fondi mstici, etc*, per Giuseppe 
Ba^oJ' Torino, 1862, 8vo. 1 vol) 



162 



ENGD^EERIKO EDUCATION. 



The Pioiesar ot Mechanics and Hjdianlics has also publish^ 
smnmaiT of the lectures giren by him. (" Sunti e prograr 
delle lezioni di meccanica applicata e idianlica pratica, del Gc 
Piofesore BichehnT." Torino, 1863.) 

The ProtTeaaor of the Steam-engme and Sailways, with the 
ot some ot his piq>ila, has also pnhOshed — 

1. An Atlas of Deagns ot Apparatus and Machines, sery 
as Ulnstzaiions to his course. Torino, 1864. 

2. A ooUeeti(Xi of platos for the same object. 

VL To the present time the School of Application at Turin 
given the diploma of Laureate Engineer^ which authorizes 
holder to practise every faranch of engineering. 

According to the new rules of 1867 (not yet put in force ) 
school will grant special diplomas for — 

1. Civil Engineers. 

2. Engineers for mechanical industry. 

3. Elngineers for agricultural industry. 

4. Engineers for chemical industry. 

5. Engineers for metallurgical industry. 

6. Civil Architects. 

Vli. In order to obtain this diplcmia, a University course of 
years is necessary, followed by two years in the School of - 
plication. 

The subjects to be studied in each of the courses for the var: 
classes of engineers are indicated in the rules. 

Vin. Engineers provided with their diplomas are not require 
have any further practice in order to be admitted to the exercis 
their professioiL The practice necessary is obtained by then 
the second period of each of the two years of application. Coi 
quently the persons bearing diplomas are authorized to underl 
immediately any work appertaining to their profession. 



The following publications accompanied the foregoing statem- 
They will be found in the Ubrary of the Institution, and refe: 
the " Scuola di applicazione per gU Ingegneri Laureati in Torin< 

Programmes for the examinations in — 

Applied Mechanics. 

Chemistry. 

Construction. 

Steam-engine and Railways. 
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Legal subjects. 
Eiixal Economy. 

Also programmes of the arrangements and hours of the various 

studies. 

Copies of the two royal decrees of 14th October, 1863, and 
16tli November, 1867, giving full and valuable particulars of the 
oI>j6cts, arrangements, and regulations of the school. 



M 2 
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SPAIN. 



In regard to Spain, the following letter has been received E*^^ 
M. Montessino, of Bilbao, who has, at the reqnest of Mr. C. Vignc::^^^' 
President, taken much pains to collect the information required 

There are five diflFerent classes of Civil Engineers in Spain, exc==2l^" 
sive of Military Engineers : 

Ist. Ingenieros de Caminos, Canales y Pnertos. (Koads, can-^^^> 

harbours.) 
2nd. Ingenieros de Minas. (Mines.) 
3rd. „ de Montes. (Forests.) 

4th. „ YndiiBtrialesj"'^"^- (Mechamcal mdust*-7^ 

" Iquunicos. (Chemical industry ) 

5th. „ Agronomos. (Agricultur&) 

I believe the inquiries of your Institution refer specially to -*ie 
first, which are what the French call Ingenieurs des Fonts ^ 
Chaussees, but yet I have thought it best to send you the necessary 
information on all of them. You will find it in the books I forwaJ'4 
and which will reach you shortly after this letter. They are the 
following : 

A. Coleccion legislativa de Minas, 1865. 

B. Legislacion de Montes, 1866. 

C. Legislacion de Agricultura, 1866. 

D. Ley y Keglamento de la Ens^nza Agricola, 1867. 

E. Anuaxio de la Instruccion Publica de 1867 a 1868. 

F. Memoria de la Direccion General de Agricultura, Industria y 
Comercio en Octobre de 1861. 

You will find all the information relative to Ingenieros de Minas 
in A ; to those of Montes (Forests) in B ; to the Agronomos 
(^Agricultural) in C and D, and to the Ingenieros Industriales 
in E, pp. 412 to 414. In F are embodied matters referring to all 
of these. 

G. Eeglamento pura la Escuela especial de Ingenieros de 
Caminos, Canales y ruertos. 

H. Programa de examenes de ingreso en la misma escuela. 
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M Universal de 24 de OctobrOj 1868, in which is inserted a 
nee modifying Hie mattera henceforth to be taught in the 
rent sehoob for EngiiieerB, and also those on which the candi* 
3 for admission are to be examine/I Ag much of what lias been 
irto taught in the aboYe schools is now required of the cantU- 
I on entering, the nmiber of years of study has been reduced 
le Engineers de CaminoSi Canales y Pmrtas from sis to four ; 
lose of Mines to foiu' also, and for the Engineers de Monies 
jsts) to three. 

Memoria de Ohms Publicas de 1856. 



Informe sobre la contahilidad del Miniateria de Fomeuto- 
I jninisterkl department embraces pubHc instruction, public 
s^ agrieulture, mdustry, and commerce.) 

le Memoirs from K to Q are specially sent that your Institn- 
may have certain knowledge of what has been done in pubhc 
s ia Spain, in the last thirty years particularly. In the first 
e series, K, published by me as Director-Greneral then of that 
rtmentj you will find in Chapter VII., p. 149 to 17l2, an 
islve notice of our Corps of Civil Engineers {Jngenieros de 
inoB, Canales y PuertoB) and its apecml school up to 1856, 
i*art of the report relative to the years 1864, 65, and 66, 
cularly at p. 23 to 24, and in El Univerml (I) are to be found 
atest innovations relative to the f&rmnnd and to the school to 
li the programme G and H refer. 

each branch of Engineering there m but one school for the 
ing of Engineers, and generally also but one for their respec- 
issistants, 

1 of them are maintained at the pubhe expense, the students 
ig nothing (the Ingmiim^os InduslrMes excepted, for they pay 
Lall yearly fee as being under the University rule). Those, 
)Ter, who ask for a diploma on finishing the whole course of 
studies have to pay £10 for it. 

i the expiration of the fourth year at the schools of the three 
classes of Engmeers, the students, after examination, were, 
lately, promoted to the rank of Aspirantes of the respective 
\y and received from Government i£60 each yearly for the next 
jrears ; then they, after a final exammation, entered the corps ■ 
iow neither are they to receive any pay the last two years of 
>1, nor is their ingi'e^s into the corps sure, as they are only 
tted to fill up vacancies. 




de 1857 a 1859. 
de 1859 a 1860. 
de 1861 a 1863. 
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de 1864 a 1866. 
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Those that have no place in the corps organised by Govemmenr^ 
for the service of the State, work as Engineers for private parties cru 
companies, their diplomas giving them no privilege, as anyon^^ 
Spaniard or foreigner, with or without a title or diploma, ca^^:i 
exercise in Spain the profession of an Engineer, which is perfectly 
free. The diploma is only considered as a pledge of sufficiency. ^ 

This system has hitherto produced the most beneficial effects, 
the extent and nature of the pubUc works executed in the Is^st 
twenty years testify. It has also contributed wonderfully to pro- 
pagate the study of the exact and physical sciences, formerly com- 
pletely neglected amongst us. 

The practice, as in England, of serving a regular pupilage io a 
practising Engineer is not followed here. After completing th^ir 
studies, the young Engineers generally find remunerative emplc^J" 
ment as assistants under their seniors. 

You will see at pp. 91 and 101 of the Keport that the expen^^ 
of the School of the Ingenieros de Caminos, Canales y Puer^o^ 
were for the scholastical year, 1865-66, the following: — 

Beals. 

Professors and all other j9erso7it^ . . 162,138 
Materid 129,077 

Total, say £3,065 . . 291,215 

CiPBiANo Sbg. MONTESSmO. 

other communications from M. Montessino give further particu- 
lars as to the cost to the State of the various schools, and the text- 
books used in the different branches of scientific education carried 
on therein. 

The books mentioned in the foregoing communication are in the 
Library of the Institution ; and to them are added the following 

" Escuela especial de Ingenieros de Caminos, Canales y Puertos. 
Programos de las asignaturas que comprende la ensenanza. Madrid, 
1868." (Special School of Engineers of roads, canals, and harbours. 
Programmes of the courses of study.) 

" Suplemento a la revista de Obras Publicas. Coleccion de leyes, 
decretos, ordenes, reglamentos, e instrucciones relatives al ramo de 
Obras Publicas. Madrid, 1856." (Collection of laws, decrees, 
regulations, &c., relative to pubhc works.) 

" Eeglamento Organico del Cuerpo de Ingenieros de Caminos, 
Canales y Puertos ; aprobado por Real Decreto de 28 de Octobre 
de 1863. Madrid, 1864." (Regulations for the organization of 
the corps of Engineers of roads, canals, and harbours ; approva 
by Eoyal Decree the 28th October, 1863.) 
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UNITED STATES. 



I^RMATiON respecting the engineering education in the United 
States is contained in several letters, the substance of which is 
ffiVen in the following extracts. 

Mr. Benj. Smith JLyman, of Philadelphia, gives the following 
^^Xnarks : 

The general system of Engineering education is in America 
^^arried on in so-called " Scientific Schools," or " Institutes," wholly 
"Without G-overnment support. These schools give diplomas to those 
^ho pass their examinations, but our laws do not require any such 
^ploma before a man may practise as an engineer. Some of the 
t>rincipal En^eering schools are the Eensellaer Polytechnic 
Ijistitute at Troy, New York ; the Lawrence Scientific School, and 
tihe School of Mining and Practical Geology, both of Harvard 
Xjniversity, Cambridge, Massachusetts; the SheflSeld Scientific 
School, of Yale University, Newhaven, Connecticut ; the Columbia 
School of Mines, New xork City; the Technological Institute, 
^Boston, Massachusetts. At most of these schools, or at all of them, 
other students besides Engineering students are taught. Many 
engineers have never studied at these schools but have gained their 
knowledge by serving with a practising engineer, and this was 
especially true in former years. I kuow nothing of the fees in 
Bucb cases ; but imagine there are none in general, but that the 
learner is paid for his services in proportion to their value, Uttle or 
nothing at first and more afterwards. Anybody in this country is 
as free to assume " the style and title of Civil " or " Mining " 
Engineer as he is to take that of blacksmith, and it is still done 
commonly without any regard to school diplomas. 



Mr, A. C. Morton writes as follows : 

There is no institution of education, established and supported 
f the Government of the United States, except the West Poin' 
[ilitary Academy in the IState of New York. 
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AltJioiigh the object of this institution m the military edncatioo 
of young men desiiom of entering the anay, yet, in the thoroagli 
comae of milit&ry gtndieB and tndning throngh whieh the c^Ma 
paBB, IS included the general principles of Civil Engineering ; and 
many of the gmdimtes of this institution have from time to time 
resided their ap|>ointment in the army, and have not only tecome 
difltrngnished Civil Engineers^ hnt distingiushed in other piofr 
mom. 

As a general mle, the Civil Engineers of the United Sta 
reoeiTed their education at the various eoUegeg and academies 
the oonnti^, which in meet cases have uo special refeience to 
engineering. In a few instances Professorships in Engineering 
have been eatahlisbed in some of the ooUeges of the Unit^ States^ 
ftnd seveml academies and schools have bean established i?hich gi^e 
special prominence to those branches of education which qiiiJify 
yomig men to become Civil EiigineerSj and in some instanecB em- 
brace the use of instmnents and field practice. 

There is no system of pupilage in the United States, as in 
England, neither is there required any examination diploma oi 
certificate to enable a man to enter and practise the profession of ' 
Civil Engineer, He is usually thorougidy prepared by a good 
mathematical education, and acquires his profession by long ei- 
perienca in the practice of engineering— passiQg throogh all the 
grades and eubordiuate duties until he attains a somewhat promi- 
nent position, and becomes well known to authorities or corpora- 
tions seeking the services of an Engineer, when, if he possesses the 
confidence of such parties, he receives the appointment of Chirf 
Engineer, 

From the commencement of Hs servicee, and in all the subor- 
dinate grades throngh which he passes, he receives pay for his 
services, which at fiiist is moderate — only sufficient to defray bis 
personal expenses ; but his pay is increased as he advances in his 
profession and becomes usetul to his employers. The length of 
service before he atfeiins the position of Eesident, or Chief En- 
gineer, depends mainly on the talent, the energy, and enterpiise 
of the individual J although he is often aided by adventitious cir- 
cumstances in his advancement. Without this preparation and 
experience he is not recognized as a Civil Engineer^ and does not 
usually attain to a responsible position in the esercise of his pro- 
feBsion, 

Works have been prepared which are used as text-books in 
engineering education by Profes.*?ors Mahon and Davies, of West j 
Point Mihtary Acarlemy, and by Professor Gillispie, of Unio^H 
College, ^ 

The Grovemmcnt of the United States appoint annually a com- 
niittoe of inspection, which committee devotes several days to 



lation of the matjagement and efficiency of the 
eiucation pnisned at the West Point Military AcademTj and : 
tiie result of their examination to Government, which report 
fnhliehed, and usually regarded as an intereeting and importi 
document. 

The following is from General Francis H, Smithy Snperintendl 
of the Eoyal Military InBtitute at Virginia : 

I would prendae my specific answer to the questions propoa 
by gkting that, in the earlier stages of engineering edtication 
this conntryj the graduates of the United states Mihtary Ac^dei 
at West Point constituted the chief supply for the professii 
Tlie programme of studies at West Point esaeatially c^orrespand 
^vith that of the Polytechnic school of Paria, and of the appl3 
Schools in association with itj and thus really presented, at 1 
time, the best outline of a course of education for a Civil Engine 
to be found in this country. Scientific inatittitions hare sprang 
very rapidly in the last twenty-five years, and now other establii 
Mais are to be found which supply a high grade of engineeri 
edumtion. 

The Virginia Military Institute is a State institution ; that 
it was established and is supporte«i by the State of Virginia, 
was modelled upon the system prevaiiing at West Point, and I 
tbos supplied to the Sonthern States the chief engineering edtu 
tJOQ demanded by them, and numbers among its graduates sn 
names as Mahone, B-odes, Eives, Jordan, Wharton, Eumbough a: 
otherBj who have occupied distinguished positions as CivH Engine! 
t>u the various works of engineering in the South. The West Pq 
c^Tirse was in some respects modified to meet this specific pnrpa 
the modifiai-tion has been continued each year with distil 
References to the wants of a civile rather than a military educatic 
With these preliminary remarks, I proceed to answer, Beriati 
^he questions propounded : 

I. The prehminary training consists in a thorough course 
^lathematicSj Mechanics, Optica, Astronomy, Acoustics, Chemisti 
Physics, Mineralogy, Geology, Physical Geography, Descriptil 
^eo^raphy, English, Latin, French, Drawing (industrial, to£ 
^raphy, and human figure), Bhetoric, Logic, Moral Science, 
IL Besides being reqnnned to stand an approved examination 
the branches embraced in No. 1, the pupil is also requii 
to pass an approved examination in a lull course of Civil En| 
neering, theoretic as well as practical, as exhibited in the p 
gramme of the course of studies herewith communicated, and ai 
in a course of military education, ordnance, and tactics. 

in. No one receives a certificate from this Institution, exefl 
that of graduate. This degree^ in the Academic School, is z 
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specifically a degree as a Civil Engineer, but the graduate is pre- 

|)ared, by the general courses of study, to enter the profession at a 
ow point, and is as well fitted for tne profession as a graduate of 
West Point. In America, each man "takes a profession as he l 
pleases, without let or hindrance by legal disqualification for incom- 
petence ; and thus, except among professional men, the degree of j| 
Civil Engineer has not, m past years, been a necessary passport to I 
the profession. i 
The establishment of scientific institutions of a high grade in 1 
the United States, within the last fifteen or twenty years, has 1 
tended to improve the course of Engineering education ; and the ' 
consequent improvement in the profession has induced the Insti- 
tution to extend its course of education, by the introduction of a 
Special School for Civil Engineering and Mining Engineering, in 
which schools the degrees of Civil Engineer and Mining Engineer 
are awarded to all who complete the prescaibed course. This course 
is indicated in the accompanying programme of studies ; and it is 
expected that those who receive either of these special degrees will 
be qualified to enter the profession of Civil Engineering or Mining 
Engineering, with advantages at least equal to those of any institii- 
tion in America. At present, the Special School of Mining Engi- 
neers embraces young men who have already graduated at the 
Academic School, and who expect to devote two years to the Special 
School. The provision made for the instruction will be seen to be 
ample, inasmuch as we have one professor of Civil Engineering 
and applied mechanics, one professor of Practical Engineering 
drawing, one professor of general and applied chemistry, one p^"^ 
fessor of geology, mineralogy, and metallurgy, two professors 
physics, in the Special School. 

IV. The Government aflfords no aid to the profession. 

V. All the colleges and universities profess to give a course ^ 
Engineering. 

VI. Sundry documents are sent as requested. 

General Smith's letter is accompaiiied by several documerx't'^ 
giving more detailed information as to the Institute under b-^ 
direction. 



General Eobert E. Lee, President of the Washington Colleg'^ 
Virginia, sends a "Catalogue" or Prospectus of this Institution^ 
the following extract fix)m which will give an idea of the course ^ 
Engineering professed there : 

CIVIL AND MINING ENGINEEEING. 

In addition to the usual Literary and Scientific courses, the Schools ar^ 
so arranged as to- embrace full courses in — 
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L Civil EKGlNBBBiNa (including Mechanical and Topographical 
Engineering and Architecture), 

This ooxirse extends oyer three years, and those students desiring to 
alter it mnst have previonsly completed a course in Algcbi-a, Plane 
Geometry and Trigonometry, and must possess a proper knowledge of the 
^glish language. 
It may be divided as follows : 

First Year. 
Pure Mathematics. Intermediate Class . 

Chemistry 

Drawing, Industrial and Topographical . 
Ciyil E^ineering. Junior Class 
French 

Engliah ' 

Second Year. 
Pure Mathematics. Senior Class 

General Physics 

CiYil Engineering. Intermediate Class 

Astronomy 

Bational and Applied Mechanics (commenced) 

Third Year. 
Civil Engineering. Senior Class 
Miaeralogy and Greology • . . . 
Bational and Applied Mechanics (completed) 



Prof. Nelson. 
„ Campbell. 
„ McCulloh. 
„ Allan. 
„ Joynes. 
„ Johnston. 



Prof. Nelson. 
„ McCulloh. 
„ Allan. 

ft ft 

„ McCulloh. 

Prof. Allan. 
„ Campbell. 
„ McCulloh. 



n. Mining ENOiNEEBma (including Chemical Analysts, Qedogy 
and Metallurgy), 

First Year. 
Same as in preceding course. 

Second Year. 
Pure Mathematics. Senior Class 

Greneral Physics 

Civil Engineering. Intermediate Class 
Bational and Applied Mechanics 
German 

Third Year. 



Prof. Nelson. 
„ McCulloh. 
„ Allan. 
„ McCulloh 
„ Joynes. 

Prof. Campbell. 



Analytical Chemistry .... 
Mineralogy and Geology . . . 

Tunnels, Shafts, Arches, &c „ Allan. 

Applied Physics . r . . „ McCulloh. 

Diplomas will be awarded to students in these courses who pass a 
tisfiictory examination, and submit such plans, drawings, specifications, 
•Iculations, &c., on some subject or subjects, as may prove their ability 
» take charge of and direct professional work. 



Mr. Zerah Colburn, a good authority on the subject, writes as 
dUows : 

Young engineers acquire their professional education in the 
Jtates much as they do here, by serving as assistants to engineers 
n practice. As assistants they are paid what they are worth, and 
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if they were not worth paying no engineer wonld have them, 
never heard of the premium system in the States, and am 
nigh certain it does not exist there. A yonng engineer can s 
for himself as soon as he can find any one to employ him 
style himself " C. E.," if he likes, the same as here. Thai 
no support of engineering education either by the national or ! 
Governments. Civil Engineering is taught, to a greater oi 
extent (in connection with mathematics and physics), at 
Lawrence Scientific School, in connection with Harvard TJnivei 
Cambridge, near Boston, Massachusetts, at Brown Univer 
Providence, Ehode Island, at the Kensselaer Polytechnic Sol 
Troy, State of New York, at Union College ; Schenectady, 
York, at Columbia College ; New York (ciiy) ; at the Pennsyl 
Polytechnic College, Philadelphia, and possibly at one or two • 
places. The Franklin Institute once nad Polytechnic Classei 
regret that I am unable to supply any list of the studies, fu 
than that they relate to engineering. 

Generally, I should say, the " system " of qualifying engi 
in the Static is much the same as qualifying merchants, st 
boat proprietors, railroad managers, &c. Those take to it who 
and tiie best young men wort up to it and get on. This 
appear very unsatisfactory, but I think it is not very wide a 
truth. 
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The only infonnation as re^ds Engineering education in Canada 
is contained in a letter fix)m Br. J. M. Dawson, F.E.S., Principal and 
Vice-Chancellor of M'Gill University, Montreal He states that in 
ikt tmiversity a course of Engineering was established in 1 857, 
Mid was continued for several years, but was suspended in 1864 by 
leason of the deficiency of fands, the failure of attempts to obtain 
public aid, and the then depressed state of the profession. 

Dr. Dawson is not aware that anything has been done in regard 
to Engineering education in Lower Canada, either by the Govern- 
ment, or by any educational body, other than the attempt above 
named. 



PART III. 



SUGGESTIONS 
MADE TO THE COUNCIL BY VAKIOUS PERSONS, 

AND 

EXTRACTS TAKEN FROM VARIOUS PUBLICATIONS 

BEARING ON THE SUBJECT OF 

ENGINEERING EDUCATION GENERALLY. 
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In addition to the information contained in the foregoing parts, 
suggestions on the subject of Engineering Education generally 
have been kindly offered to the Council by several professional 
gentlemen whose opinions are deserving of respect, and their com- 
munications are printed in the following pages. 

To these it has been thought desirable to add some extracts from 
published documents in which the subject of Engineering Education 
has been treated of more or less fully. 



UGGESTIONS OFFERED TO THE COUNCIL ON THE 
SUBJECT OF ENQINEEliING EDU(]ATION, 



From Sie Johit Eennie, F.E.S. 
Education of a Civil Mn^inem 

Any person intended for the profeasion of a Civil Engineer, in 
my opinioii, shoidd he educ^itea as follows : In the first place, 
he should be sent to some good school nntil about twelve years of 
age, where he may be thoroughly grounded in reading, writim^, 
compoaition, arithmetic, algebra, geometry, English, Latin, and 
Greek grammar. I mention the two latter as it wiU enable him 
hereafter to acquire with facility Enropetm or other languages as 
oeeasion may reqube, particularly French, German^ Italian, 
Spanish, ^c. 

From about twelve to sixteen he should be sent to one of the 
junior univerBitiea, Buch as King's College, the London, Edinburgh, 
Glasgow, or Dublin Universities : here he should attend the differ- 
ent classes of mathematics, algebra^ geometry, plane and spherical, 
trigonometry, astronomy, natural philosjophy, geology, geography, 
cheniiatry, electricity, and drawing, assistm by private tutors, who, 
l)y frequent examinations, should make Mm thoroughly under- 
stand what be has learned, and enable him to pass with credit 
the several public examinations which he must undergo. 

At the age of sixteen, if he has heen diligent and well looJc&d 
after, he ought to have obtained a SDund general education, par- 
ticularly as regards the scientific department connected with the 
profession of a Civil Engineer. 

At sixteen he should he apprenticed to some practical manu- 
facturing Engineer of eminence, where he should commence work- 
ing with his handsj and go through all the departments of pattern- 
making, founding, turning, fitting and erecting steam-engines, 
marine, locomotive, and fixed, and all the variety of machinery 
connected with them and railways, and a general knowledge of 
ship-building, whether of iron or wood, also the mechanical 
drawing and calculating departments connected with them* 

After having been well employed in this manner lor three or 
four years, combined with his previous education, he ought to be 
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well TezBed or grotmdcd at least m mechanical Engineering, whicl 
forms one of the most important parts of the education of & (M 
Engineer, 

Having completed thifi he ahonld be sent to some good sciendfia 
and pntetical nautical and land snrveyor for a short time, where, 
if diligent, he will soon be able to acquu-e a knowledge of levellmg, 
laying out lines of roads, railways, canalsj drainage, and mapprngi 
large districts of country and sea coasts. 

He should then btudy practical hydraulics upon a great 
gnch as the principles and management of rivers, emhaniing, 
draining, sewage, water sopply, irrigation^ the planning and oott-| 
struction of harbours, docks, bridges lighthouses, masonry, car-| 
pentry, earthwork, &C.5 with a thorough knowledge of \ke use aid 
beet mode of applying materials of all kinds ; and having previoiiflly 
obtained a knowledge of working iron and timber, he should do the 
same with stone, cements and other materials. He should likewise 
practise himself in drawing up detached reports, plans, specifi- 
cations, and estimates of the various works. In these deparbnent^ 
he will be greatly assisted by reading and carefully studying the 
reports and plans of Smeaton, TeUbrd, Stephenson, Brunei, Watt^^ 
Kennie, and other eminent Engineers. 

He should also study architecture, so aa to be able to desig^^ 
and construct all the buildings connected with Civil Engineering 
gofih aa railway stations, sheds, and warehouses. 

Public buildings and ornamental architecture, strictly speaking, 
are rather out of his line ; nevertheless, if he has tinie and taste 
far itj he can do so at his leisure. 

With regard to languages, it certainly is desirable that an 
Engineer should know well German^ French, and Itfdian ; having 
previously laid the foundation of them he can easily acquire them 
at his leisure. 

With regard to the higher classes of physics and mathematics, 
these, although not absolutely necessary for the practice of Civil 
Engineering, still, no doubt, they form a most valuable accomplmh- 
ment for those who have time and taste to acqmre them. With 
regard to the honours conferred by purely scientific societies, they 
are open to any one who chooses to qnahfy himself for them, and 
desires them ; and if either his executed works or writings are worthy 
of these distinctions, he wiU have no difficulty in obtaming them* 

After a candidate for Civil Engineering has creditably gone 
through the above education, he will have arrived at about the 
age of twenty-three or twenty-four years; he may then confi- 
dently present himself to any Engineer in large practise as an 
assistant at an adequate Balary, or he may practice upon his own 
accotmt ; but he must always bear steadily in mind, thai notJdng 
but eomiani indmtrij and Iiard trork^ eotfilined with a ihm 
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i'naiion to overcmie all obsiaeles in his progress, can make 
good EnmiGer. I flhonld Dot recommentl Eton, Harrow^ 
, or Cambridge ; they may do for the lavT, medicine, or the 
h, not for the Enginf^r^ 

i above course of eilncation appears to me the best adapted for 
' Engineer, and if the candidate will only pnrsne it zealously 
ily he may in time become a credit to the profession. 

John Rekhik, 

«i Aagiist, 1668. 



Feom Mr» Henhy Conybbabf- 



Forreet, Esq., Secretiiry, 
Institution of Civil Enginoors, 

20, Duke BtTGGt, Westminstor, aW. 
aSid August, 1868. 

^AB SlEj 

I regret that my answer to your letter on the eubject of 
fc'cfessional edncation should have been so long delayecL 
I gave a good deal of attention to the snliject about twelve 
ago, and stated my viewa thereon in the inangnral address to 
coiirse of lectures I delivered at Woolwich, in IHfjT, to the 
Inior officers of the Corps of lioyal En^eers, on the principles 
id practice of Civil Engineering, and I presented a copy of this 
3dres8^ and of the first four lectures of the oouise, to the hbrary of 
le Institution, 

At that time my impression — m iar as I had an opportunity of 
arming an opinion— of the respective results of the Engineerinji^ 
ducation of the Continent and of this country that foreign 
ingineers were usually wanting in practical experience, and our 
in scientLfic training. 
But I think that this is no longer the case, for the large amount of 
that has been executed in France duriug the last decade Las 
Rded to the French Engineers opportunities (of which tJieir 
'evtom scietitifiG iraming emibled inem to avail iimmehes to the 
tnost) of acquiring the practical experience in which they had 
before wanting, while I fear that the scientific training of 
Engineers is usually just as defective at the present time 
it was twelve or even twenty years ago. 

Lthink that no Engineer, who made the ent^ineering models in 
^te French Exhibition the subj*3ct of a really attentive study, 
ecially if he had the advantage of being accorapaoied over tbe^E 
r after day by Engineers of the Fonts et Chaueafe, could Jai 



uglish '. 



mmcB they dLsplayedf and no less bo with tlie admimble clearn 
and precision (restiltijig from their thorough scientific tmining) 
with which the French Engiueem wbo accompanied him explained 
the principle and motive of any novelty in their design or nioiee 
of construction* 

It is obvious to ourselves, and indeed notorious even to outsider 
that the two leading defects of our sygtem are a^ follows : 
that we have no real professional organization, and Becondly, that 
the mere fact of any cue betng elected a member of the Institution 
is no more evidence that he possesses any of the qualifications et 
a Civil Engineer, than the met of a man being called to the bar 
is a proof of his knowing anything of laws ; the only essential 
qualifications being, in the one caae^ that the candidate shoiild 
have kiebed his heels for three years in an Engineer's office, and 
in the other, that he should have eaten, or sat out, a certBia 
number of very bad dinners. 

I feel great diffidence in offering an opinion on such a subject, 
but it does seem to me that the Council of the Institution have it 
in their power to remedy both these defects in very great measure, 
if not entirely, and that by merely building on existing founda- 
tions, 

I think they might make their influence felt with great effect, 
first, on the improvement of mathematical teaching in schocjls gene- 
rally, I noted the existing defects in this particular, and advo- 
cated the substitution, m mr as possible, of applied mathematics 
for pure matbeniatics, in a note that will be found at page 15 of 
my inaugural address ; and I observe that Mr. Lowe has urged the 
same thing very strongly in one of his late speeches on education, 
which has been pubbshed as a pamphlet. The Cooncil might 
bring great influence to bear in the same direction. 

Secondly, I think that by manifesting a special and continuing 
interest in the Engineering departments of King^e CoDegc in 
London, and in those of the Queen's College in Ireland, by offer- 
ing prizes to their studenta, and by nominating examiners on 
practiea.1 Engineering for their periodical cxamioatLon, and by 
arranging that one of themselves should belong to the Ctijundl of 
King s College, they might very soon acquire a controlling in- 
fluence over these Engineering schook, and thereby give a more 
eflective and practical direction to the education they afford, and 
at the same time in some measure affiliate these professional schools 
to the Institution. 

It is obvious that such a result would conduce very greatly to 
an effi^tive organization of our profession, for the Institution 
would thus make its influence felt from the very commence- 
ment of Engineering studentship, and would thus greatly extend 
its ba.sis, itnd become, very much more than it is at present, 
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I the centre to which all connected with Engineering wonld 
f gravitate. 

' Thirdly, there would be then only one tjiing required to com- 
plete the organization of the profession, namely, that the Council 
should make it a rule that no member of the Institution should 
take a pupil who had not obtained from the Engineering depart- 
laent, either of King's College or of one of the Queen's Colleges 
in Ireland, or from a Board of Education appointed by one of 
them, a certificate of adeqtuiie proficiency. 

It seems to me that such a rale would be so very obviously 
leneficial to every one of the parties concerned that there could 
he no difficulty in carrying it out. A parent who pays a pre- 
mium of £500 to obtain for his son the advantages derived from a 
three years' pupilage in an Engineer's office, naturally desires that 
he should avail himself to the utmost of the advantiages that he 
has so placed within his reach, and without previous scientific and 
eno[ineering training this is absolutely impossible.^ 

To the Engineer who received the pupil into his office the ad- 
vantage of such a rule would be even greater : a pupil who knows 
nothing of Engineering is only in the way in an office, and often 
not only does no good himself, but interferes with the work of 
others ; whereas one who has passed through any of the Engineering 
schools I have mentioned is able to take his place at once as a useful, 
if not an altogether efficient assistant, in the office or in the field. 
I speak from experience, for I have had four pupils who had gone 
through this preliminary training, and I found them serviceable 
assistaiits from the moment they joined me. And I knew of three 
elevea of the Engineering Department of Queen's College at Cork 
who, without any further pupilage, at once obtained well-salaried 
situations as Assistant Engineers. Two of them were so employed 
on the London, Chatham, and Dover Eailway. I was informed that 
they gave every satisfaction, and from my own experience in pupils 
sinularly trained, I can fully believe it. It was, of course, a 
grievous mistake on the part of their friends to omit the term of 
pupilage so essential to their future prospects; but the fact of 
their proficiency proves the great advantage of the preliminary 
training afforded by these Engineering schools. 

And such an arrangement, by rendering it obligatory that every 
member of the Institution should have had scientific training, as 
well as experience in an Engineering office, and on Engineer- 
ing works, would obviously tend to raise the standard of professional 
attainment and efficiency. 

Fourthly, within the limits of his profession an Engineer should 
not only know " everything of something," but also something 



* This is stated more fully in pages 12— 17 of my inaugural address. 
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of everytliiiig " and the home circuit" is so crowded that leadm^ 
Engineers take very much to special liues of piuctice, which 
renders it sometimes difficult for their pupils to l>e(X>me practicallj 
acquainted with some of the hranches they may be called upon fa 
practise in after life, in India or the colonies, for example* 

It would, therefore, greatly conduce to the completeneaa of m 
eyetem of Engineering education, if some arrangement could be 
organised under the auspices of the Councilj whereby members d 
the luatitutioD who practically confine themselves to special lines 
of practice (such as railway eogineeriug, mechanical engineermg, 
or water-works) could efl'ect a temporary exchange of pupSb 
towards the end of the term of pupilage — for example, it wonM 
greatly bc^nefit the pupil of a watex-worfc Engineer to spend three 
months in a fustian jacket in an engine fiictory, and three montta 
more on railway sim^eys and works, 

A really complete Engineering ed\ication occupies so imnj 
years that it becomes a moat important question whether nothing 
could be done to shorten it, without sacrificing efficiencyj and it 
seems to me that there are some practicable means of acceleration 
that would greatly conduce to such an end, and that the first of 
theae is the improvement that ha^s been suggested in the mathe- 
matical teaching of public and other schoola, by which the pupil 
might be enabled to save hah" a year in the Engineering College 
course which follows, 

I have said at ** public schools," because I am conTinced that in 
all callings it is an immense advantage in after life to have 
enjoyed the life training and the connection that can only be 
obtained in the same perfection bysueli schools as Eton, Eugby, 
and Harrow, and this, it seems to me, is of special importance in 
the (jiise of Engineers, because their professional training begins 
too early to allow of their going to the University, It is a very 
material advantage to an Engineer to have been at a great public 
sebool tOl fifteen and a halt' or sixteen — by that age a sharp boy 
will be in the sixth or highest form of the echoolj and know as 
much classics as would enable him to take a degree at Oxford, and 
more than enough to enable him to pe^ at Cambridge, The 
great advantage of a public school education to an Engineer is not 
that if he gets into Parliament in after life he may venture tijion a 

a m^tat ionjrithout ^ at lor false quantities (though 

inlirimlly'somctlii^^ through tbenSbnn^tion of a 

public school, kept alive by the periodical reunions of his school 
dinners/' he will find schoolfellows on every Parliamentary Com- 
mittee, and among every batch of squires whose laud he wants for 
any new line of railway upon which he may be engaged, and such 
personal acquaintance, and knowing something of who yon are 
dealing with, always facihtates the despatch of business. 
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It would l>e ako adTatitageoTis if on paaeing a matriculation 
.mination, that provBl him up to the standard, a lad might be 
owed to ent-er the EngiueeriDg Department of King s College at 
ilteen or fifteen and a half instead of sixteen ; also if lads cleverer 
ciT more forward than their fellowe might be allowed to Ije examined 
for the "certificate of proficiency" after two years instead of 
tliree, for it seems to me desirable that an Engineer s education 
bWJ be completed at twenty-two, if not at twenty-one, and that 
it iionli inclnde, l*eside8 the scientific training in an Engineering 
tV^lIege, a three years' pupilage, of which six months diodd bo 
ipent in an engine factory, 

I am, 

Dear Sir, 
FaithMUj yonrs^ 

H, CONYBBLAIIE, 



From Me. George Giles. 

The great works carried out in France during the last fifteen or 
fweiity years show, I think, a satisfactory result of the education of 
Engineers in that country ; but it has, nevertheless, great draw- 
kcks ; for its the Polytechnic School enjoys a monopoly in appoint- 
meuts, there is very little &cope indeed for talented KngineGrg 
wlio do not belong to the Polytechnic Corps. I have known 
several gentlemen during my ovm operations in France who were 
eminently qualified, but who conld not succeed as tiiey deserved, 
not hemg Polyteclxnic scholars. 

Looking to results, in the design and execution of works, I am 
bound to say also that the Engineers of Wurtember^^ and Badm 
appear to me to take a very high standing ; I ehonld^ however, 
Jegriit giving the schools alone credit for these results ; it may 
possibly he due to a development of great talent in the claas I 
am ailnding to* 



From Mb. J. M. Heppkl* 

Jajnea Foneetj Esq., Secretary ^ 

Institution of Civil Engineers. 

My beau Sir, 

In compliance with the wish of the Committee on Engineer 
ing Education, expressed in join- letter of the 21stj I will no 
endeavour to state briefly my views in reference to that subject. 

What seemfl to lie at the root of the question is to define 
charact-er and extent of knowledge which it is desirable a yoi 
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Engiuet^r ghoald po^i^Be^ previous to entering on the regnlar and 
reeponsible practice of his profeesion. On such a subject no doubi 
much diveraity of opinion will ho found to prevail^ aa well as on 
the best modes of acquiring such knowledge as is by general con- 
eent admitted to be requisite I take it that 1 shall best meet the 
wishes of the Committee 1^ a simple statement of my own view. 

To begin with, 1 tbiiik it extremely desirable that the yotu 
Engineer shoald poggess all the ordinary a<iqmi'ements of a well- 
educated geotleman. He ehould l^e a moderately fair classical 
scholar, and should understand French and German, and if also 
Italian and Spanish bo much the lietter. In EngUsh, besides a 
fair acquaintance with history and general literature, he sljonld k 
master of composition so far as to express himself in speaking trr 
writing with precision and for*?e. Coming now to what may be 
considered more special, he should have a Mound knowledge of 
common geometr}^ so much of trigonometry and conic sections as 
is usefully applicable in practice, of arithmetic, the natxire and nae 
of logarithms, of ordinary algebra, and of the higher analysis, so 
far as the general principlas and most nsaal applications of the 
differential and integral calcuJns, a complete acquaintance with the 
theory of statics, and so much at least of dynamics as will enable 
him fully to understand any ordinary treatise on the action of the 
chief motive powers, aa gravity, water, or the varioxis forms of heat. 
He should be fairly ac4:]uainted with chemistry, geology, physieal 
geography, and most of thos?e branches of science which are com- 
monly grouped together under the name of natural philosophy. 

Even yet we have come to nothing which may be said to Mong 
to the special training of an Engin^r, being rather acquixemejite 
which would be desirable and useful to most persons, and whidi are 
more or less possessed both by private gentlemen and members of 
other professions : those which follow have more special application. 

The young Engineer should have a good practical acquaintance 
with the mechanical properties of the principal materials of con- 
struction, and a sufficient knowledge of the trades of a carpent^, 
smith, millwrightj bricklayer, and masoUj to be a competent judge 
of their products. He should be a good mechanical draughtsman, 
and able to sketch and deaign clearly by hand. 

He should haie a thorough practical acquaintance with survey- 
ing, with the setting out of works from plans and levelling, and 
with the construction and adjustment of all inaimments used m 
these operations. He should be expert in taking out quantitiei 
from plans and framing estimates, and be a sufficiently good ac- 
countant to fully underatand and control accounts of expenditure in 
works. 

Lastly, he should j both by reading and observation, and, if poe- 
Bibloj by actual charge and responsibility, have collected a good 
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1)ody of knowledge of the best practice at home and abroad in 
executing importfuit and difficult works. 

The list appears long, but I doubt if it is by any means com- 
plete. I think, however, with these attainments, or a good propor- 
tion of them, we should have the making of a very fair Engineer, 
and this is all that can be expected from education ; the rest must 
follow fix)m the genius, perseverance, opportimities, and good for- 
tune of the individual. 

Looking now back to my list, I think it will be apparent that all 
the literary, mathematical, and piurely theoretical matter, including 
acme knowledge of chemistry, geology, geography, and natural 
philosophy, would be easily acquired by a boy of fair abilities at a 
public school in five years (say from ten or eleven to fifteen or six- 
teen), followed by one or two years' attendance on lectures at 
University or Bang's Colleges. At least so much would be acquired 
that the rest might easily be made up by private study concurrently 
\rith the subsequent pursuit of the more practical part. 

Mechanical drawing should also, if possible, have been to a cer- 
tain extent acquired during this period, but if not, a short time 
should be given to it specially, including the making of accurate 
and detailed sketches, with dimensions of machinery and works,- 
and then drawing them to scale. As soon as the pupil has attained 
to some degree of proficiency in this, he should give from one to 
two years to the learning of some mechanical trade, amongst which 
I should prefer those of a smith or millwright : he should work 
M hours with the men, and as soon as possible earn wages. 

The order in which the rest of the subjects I have mentioned 
are acquired does not strike me as very important, and the pupil 
ioight profit by the best opportunities. They might, as it seems 
to me, all be learnt in the office of an Engineer, always supposing 
two things ; first, that his practice is sufficiently extensive ; next, 
that the efficient education of the pupil, and not the mere utiliza- 
tion of him, is steadily kept in view. No doubt there are objections. 
'Xhe office of an Engineer is not, and probably cannot be made, an 
educational establishment. In the first place, he has too much 
personal occupation to be able to attend much to pupils ; and in 
the next place, where work has to be got through, a pupil will 
inevitably be more or less kept to what is most pressing, or what 
he can do best. But supposing the most conscientious regard 
to be paid to his interests, even with the most extensive practice, 
opportunities must be waited for, whilst in a more restricted one 
they may be entirely wanting. 

It is chiefly this latter class of considerations which lead me to 
insist on so much prehminary knowledge before entering an 
Engineer's office. A young man thus fortified would be very dif- 
ferently circumstanced from a boy just taken from school, and 
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iPOuM pmlmblj fiiud few ifaii^ intniBtei to him, bowerer nnpio- 
misbg, from whicb mfonnatioQ and impFOranent could not k 
dedTed. He would kimaelf undeiKtaiid Mb own wante, and would 
allow opporttmities to he h&t simply torn mobility to nnderataiid 
and appreciate them. Some might be more fortmiate thao oihm 
in the extent and variety of aabjecte ptesented to them ; but I 
think, with moderately Mr treatmml, very few could fail in the 
conrse of three or four years to obtain s^ch a body of infonnatiffli 
as would enable them to evince their tBpadty for responaiblechargs 
of worku 

Leaving now for a moment this plan, which is the one m^j 
loUowed more or less in this cotmtry, let us cooHider another, 
partially adopted here, but modi more extensively on the Continent 
—that of colleges or complete estabUshments for the tmining of 
Civil Engineers* As far as the pnrely scientific and literary pait 
of the course goes, there seems to be no reason why snch a coll^ 
sliould not import as sound and complete instruction as any similai 
inetitntionj snppoeing always the basis of a single professLon to he 
sufficient to maintain it on a satiafaetory scale ; but then for this 
alone a sefjarate establishment seems hardly requisite, as th^ 
appmrs to be nothing but what can be supplied by existing achoolB I 
and colleges, and supplied, as it seems to me, if the (x>urses ar^l 
properly selected, so as to give full occupation to the student it* 
the acquisition of what he really requires without superadditioj^ 
of redundant or superfluous matter. If we look, however, btn on^ 
this to the more special trainings I think some marked djsadvaiE-i 
tageSj as compared with the former plan, will become apparent. J 

The work is not real work. The plan of the bridge may h0^ 
neatly and carefully drawn, its etrength calculated, its cost eeti- J 
mated ; and ail tbie may be submitt^ to judicious criticism, bu1| 
nobody hag got to build it, A survey may be made of the neigh-i 
bourhood of the institution^ or of a line of road or fiirm in ital 
vicinity, and nicely plotted, but it ha.s not got to pass a Committees 
on Standing OiderB. A line of canal may be kid out and levelledj 
and a working section and detailed plans prepared, but it is exenaptil 
Irom verification by that moet uncompromiBing esaminer — water. 

I do not at all mean to deny that even in these practical brancheai 
much UBeful information might be acquired, and the advantage od 
being able to insfcmct in classes and of selecting the order of sub-t 
jects is obvious ; but I do think that this kind of instruction cannots 
obviate the necessity of a subsequent prolmtion in a real oftlce and- 
in actual work ; and in many cases it might possibly have been 
th(?re acquiretl as nipitUy and certainly more completely, i 

In my point of view, theUj the question is brought within a very ' 
narrow compass. The Engineer's education should begin at a good i 
school^ best at a public one. Following thia should come a college 
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,more or less prolonged, 
hamcal trade. 



He ehoTild then master some me- 

if 



or the order of the two last nii^bt, it more conve- 
mmiy he iuverted^ and should, in any case^ finish with a certain 
term of pnpikge under a pratitismg Engineer. 

The question for which no preciao rale mn be laid down, as it 
dspends on varying cii'mmstances, is how mach of his knowled^a 
he should seek at college and how mnch nnder a niaater* No 
OTihi all that he gete at college, iochiding practical Engineering, 
I kught in the classes of King s and Uniyersitj Colleges, will be 
' nsefnl, and place him in a more advantageoos footing in any 
fitse he may enter. The point is to remember that it cannot take 
I place of the office work, and to see that time is not usel^ly 
nt in the study of that which might have been better leamt ia 
b office itself'- 

Tbere m a matter intimately connected with the foregoing, on 
whicli perhaps a few words may be said ; that is, the expediency 
of providing means of furnishing some diploma or certificate of 
f roficiency to students who have passed their cmriculnm with credit 
t^nd success* 

I will not enter on the (^neetion of making onr profession a close 
ench as the bar, as, even if desirable (which I greatly doubt), 
* many practical difficulties suggest themselves ; but 1 think that 
^ man who may have worked steadily for six or seven years to 
faster a certain standard of attainments is entitled to have some 
'i^tjuestionable mark granted him to distinguish him from those 
^ho have not. 

I think also that the very defining of such a standard would 
E^Tobably do much to obviate aome of the objections to pupilage 
Cinder Engineers to which I have referred. If such a standard 
Existed, and if, as a rule, pupils presented themeelves for esamina- 
fciwi, I believe Engineers wonld ntxsessarily become more particular 
in satisfjing themselves of the preliminary attainments of proposed 
;pnpih3, and in seemg their way clearly to supplement these to the 
required extent^ and more attention than at present would be given 
to the pupil 8 progress and ultimate auccesSj or he would be alto- 
ibther declined. 

■ What I would venture to suggest is Httle more than an extension 
Ht what has been already commenced at the universities of Oxford 
Tmd Cambridge, where the principle of admitting pemns who have 
studied elsewhere to examination for certain special degree or 
rtificates has been recognised and carried into effect. 
Suppose a faculty of Engineering were created at one or more 
oui^ universities, not for etlueational purposes, but solely for 
mination, with power to define the subjects and appoint ex- 
ersj scientific and practical, not necessarily all membern of 
ir own body, and to confer some distinct degree, for instance. 
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" Master in Engineering," on those who might fulfil the requisite 
conditions. 

I think such a distinction would be fairly earned and duly ap- 
preciated, and would in no way trench on the legitimate status or 
rights of existing members of the profession, or on those of future 
members who might elect to dispense with it. As a simple certifi- 
cate of actual attainment, it could not, I think, be objected to, and 
if it became substantially valuable, it would only be in consequence 
of its being found to be a real indication of capacity and trust- 
worthiness. 

This is not altogether new, for in the University of Madras, of 
the Senate of which I had for some time the honour to be a 
member, such a degree existed, and I believe it still exists, and is 
there much prized. 

In conclusion, I would beg to submit to the Committee, that 
seeing the strong tendency now manifested by Government to take 
direct action in public works, especially in India, they might possi- 
bly be induced by a proper representation to take part by a 
Commission or otherwise in this mquiry, with the object of deter- 
mining the best means of providing and maintaining a supply ol 
well-qualified Civil Engineers for the service of Government or foi 
employment in private enterprise. 

I am, my dear Sir, 

1 ours very faithfully, 

J. M. Heppel. 

2, Storey's Gate, July 30, 1869. 

P.S. In the foregoing I have confined myself to the considera 
tion of such means as are at present available, or might easily b 
organised, under existing circumstances ; but if these should be 
come altered in a way which now seems not unlikely, probably j 
third plan of education might arise possessing certain advantage 
over either of those I have noticed. In the event to which re 
ference has been made, of Government taking into its own hands 
chiefly or entirely, the construction of public works in India, i 
seems evident that they will require the services of a large per 
manent staff of Engineers : without expressing any opinion on th( 
poKcy of this, it would evidently open a new means of completing 
an Engineer's education, inasmuch as the period of pupilage unde: 
a practising Engineer might be replaced by a corresponding pupil 
age on the Government works, and under the superintendence an( 
direction of their Engineers. In this case the attainment of cer 
tain proficiency, to be attested by a degree to be granted on ex 
amination by one of the Indian universities, might, and, ] 
think, ought to be made an absolute condition of further advance 

J. M. H. 
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From Mr. Callcott Eeilly. 

To the President and Council of 

The Institution of Civil Engineers. 

Gentlemen, 

The just regard for the improvement of professional know- 
ledge which has already been exhibited by the Council of the 
Institution, and the readiness with which they have hstened to 
previous suggestions for increasing the usefulness of the Institu- 
tion to those who aspire to sound and thorough professional at- 
tamments, induce me to venture to submit, with great deference, 
an outline of a scheme for the further advancement of these im- 
portant objects. 

The purpose of the scheme now submitted, is to make use of 
tie influence and the resources of the Institution in an attempt to 
provide encouragement and facilities for the pursuit of systematic 
courses of what may be called " Assisted Self-instruction," in the 
scientific and theoretical branches of knowledge applicable to the 
work of the Engineer, by those Members, Associates, and Students 
of the Institution who may desire it. The main features of this 
scheme are : 

The establishment, and eventual endowment, of seven or eight 
"Beaderships," one in each department of Engineering knowledge, 
and which might be designated as follows : — 

1. A Readership in the theory of fixed structures in ironwork 

and timber, as iron and timber bridges, roofs, and frame- 
work in general ; 

2. A Eeadership in the branches of science applicable to the 

construction of railways and roads ; 

3. A Readership in those applicable to dock and harbour 

engineering; 

4. A Readership in those applicable to the construction of 

machinery and prime movers ; 
. 5. A Readership in those applicable to municipal engineering, 
including water supply, the manufacture of gas, and the 
drainage of towns ; 

6. A Readership in those applicable to telegraph engineer- 

ing' . . 

7. A Readership in those applicable to mining and me- 

tallurgy; 

8. A Readership in pure mathematics. 

It is submitted, that the subdivision of the work into numerous 
departments will facilitate arrangements for the study of each, as 
also the selection of " Readers " having great special knowledge. 

It would probably be impossible, at fost, to appoint a separate 
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Eeader in each of the preceding departmtintej but a hegiimingf 
might be made with three or fmr^ eju^h taking two m more de- 
partments imder his charge* Eventually ihe number of Headers 
might be increased, if that ehonld be deemed expedieotj as the 
resonrccB available permitted* 

The fii'st duty of a Reader would be to arrange a programme of 
study, and to select and recommend the text-booia most BuitatJa 
for tie private study of the students j and where such test-boob 
do Dot exist in our language, the resources of the Instltntion might 
be reasonably employed in stimulating or assisting their coiopisi- 
tion and puUication, or in authorizing and astiisting the translatiaii 
of those which exist in foreign languages. 

The next duty of a Header, and that the most importantj would 
be the giving of advice and private explanations upon poiBtsof 
difficidty to all students, of whatever class, who having taken up a 
eystematic course of study in the Eeader's department should apply 
to him for such advice and explanation. To guard against tli^ 
abuse of this privilege, it might be necessary to rule that the right 
of the student to such assisjanee, should bo confined to difficulties 
which arise in the study of the text-hooks themselves, leaving him 
to grapple alone with such as arise in the appHcation of the 
knowledge he is seeking to his own professional practice. 

The remaining duty of a Reader would be to deliver lectures 
upon special points of difficulty insufficiently treated in the text- 
books, or which he may consider are to he taught better by oral 
explanation, and public illustration in lectures, than by reading. 
Should the nmnber of <^nest students become sufficient to suppoiih 
and justify the expense, then it might be arranged tkit the Reader 
should dehver systematic courses of kctures upon the whole sub- 
ject of his department, and, if thought expedient, the results of 
such systematic teaching might be tested by periodical volmitary 
exanunations, some honorary distinction being conferred by the 
Institution ujx>n those candidates who attain a certain minimum 
standard of proficiency I farther submit that there should be no 
limitations to the age of those who desire to profit by these 
fecilities for study, nor of the candidates for the voluntary 
examinations; but that the advantages of the system should he 
open to all, of whatever class, connected vdih the Institution, 

The establishment of some such organisation as above suggested, 
would proprly he preceded by a systematic inquiry into the state 
of professional education of Engineers in France and Germany. 
Therefore I venture to propose that a competent Commissioner 
be selected by the Council, and sent to those countries, provided 
with ample means for conducting an investigation into the systems 
of education there adopted, their cost to the students and to the State, 
and, as far as possible, then- efibcts upon the profession in those 
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coxoitries. Also that he be instructed to prepare an exhaustive report 
upon tlie whole subject, accompanied by a programme of such a 
system of instruction as, if properly carried into practice, may be 
expected to yield similar and equal results in this country. Such 
a report and programme circulated among the members of all 
classes of the Institution would, it is hoped, create a public opinion 
in the profession favourable to the establishment of some such 
system as is now suggested, or possibly something a great deal 
wtter. 

> It will doubtless not be difficult to select from among the rants 
of the Institution a competent man as Commissioner. A gentle- 
man must be found who combines high scientific attainments with 

, the habit of systematic inquiry, and who is familiar with the lan- 
guages of the countries he will have to visit. 

Hie preceding scheme is suggested as one which would produce 
lasults supplementary to and independent of those following upon the 
establidiment by the State, or otherwise, of Colleges or Polytechnic 
Schools, for the preliminary special education of Engineers and 
Architects. 

The great importance of this subject will be admitted by all, and 
with the lessons of the Paris Exhibition of this year still fresh in 
our minds, it will scarcely be necessary to adduce arguments in 
support of the view, that some systematic effort must be imme- 
diately initiated to stimulate and aid the acquirement of that 
thorough knowledge of the exact sciences and their applications 
which is the only foundation upon which the Engineer can build 
a superstructure of genuine professional skiU. It is becoming 
apparent that the possession of that knowledge in a very high 
degree by most French and German Engineers, and the want of 
it by many British Engineers, is giving the former an advantage 
in the competition for professional employment in foreign markets, 
against wmch the latter, remaining as they are, can only main- 
tain a struggle, ever becoming more and more hopeless. 

I remain. Gentlemen, 

Your obedient Servant, 

Calloott Keilly, 

Assoc. Inst. O.E. 

3, Storey's Gate, Great George Street, Westminster, 
October 30th, 1867. 
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EXTRACTS, FROM PUBLISHED DOCUMENTS, BEAE- 
INft ON THE SUBJECT OF ENGINEERING EDUCA- 
TION. 



Opening Address op John Fowler, Esq., PnEa Inst. C.E., 
9th Jan., 1866. 

From the many excellent remarks on Engineering Edncatioir^ 
contained in this address, the following may be quoted as bearing 
on the subject generally. 

With respect to the special preparation of young men, between the 
ages of fourteen and seventeen or eighteen, several of the largest and best 
proprietary schools and colleges in this country have special classes and 
departments for the study of the applied sciences ; and thence well-pre- 
pared pupils are annually sent out to commence their career with engi- 
neers, architects, and surveyors; but still the character of this special 
preparation, in its theoretical branches, is not considered quite equal to 
that of France or Germany for the Civil Engineer. 

It is true that nearly all continental nations have an advantage over this 
country in the power which the nature of their government gives Ihem of 
concentrating, in one recognised official school for the preparation of Civil 
Engineers, all the best available talent of their country. 

This plan does not exist in our country, and on the whole we rejoice 
that it does not ; neither does the inducement of Government employment 
form the chief stimulus to our exertion, for which we are also thankful ; 
but at the same time no good reason can exist why the opportunities of 
acquiring theoretical preparation in this country should be inferior to 
those of the Continent : and I have the confident hope, from the anxiety 
which is now manifested to increase the ranks of our profession, and the 
desire to have the best possible preparation for it, that even in the theo- 
retical branches we shall shortly have to acknowledge no inferiority to any 
other nation. In the practical branches we are admittedly snperior. 

In drawing attention, however, to a comparison between our own and 
other countries, let me be guarded against the possibility of being under- 
stood to suggest that this theoretical equality ought to be obtained by any 
sacrifice whatever of our undoubted great practical knowledge ; indeed, on 
the contrary, I think that the attention to the greater opportunities which 
young Engineers in this country enjoy, by reason of the number and 
character of our new public works, than is attainable in other countries, 
should be constantly encouraged to the utmost possible extent, and that 
our old superiority as practical Engineers should be ever maintained. 
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OpENiNa Abdeebs op C. Vignoles, Esq., Pees. Inst, C.E., 
11th Jan., 1870. 

This adclre® also may be referred to as giving a hicid descriptioii 
<jf tlie status of French EngineerB, in corroboration of tho facts 
expressed in the special commmiieationa printed in this collection. 

t 

■ A few years ago the Society of Arta appointed a Snb-conmiittee 
consider the subject of technical educ^ition. In their Eeport 
C^hich IB without date), this body make the following remarks : 

kThe Sub-eotmnittee were led to itse the term " tachnica-l education/* as 
leaning general inRtmction in those sciencefit^ the principles of which 
apph'cable to various employments of life/' and further to consitlur 
lily ttie following employments, so far as the higher grades of education 
' ^ere concerned ; 

The Civil Engineer. 
tm The Mechanical Engineer, 

^^^^^ The Architect, 

^^HB|[^ The Chemical Mftnufactnrer. 

^^^^H The AgncuIturiBt. 

^^^^^ The MetaLIurgist 

^^^^V The Miner. 

^^^^V The Merchant. 

^H||^^P The Ofllcers of the Army and Navy. 

^^^^ „ J, „ Mercantile Marine. 

r Aa regards the higher education, ^rhich will be first coniydered, two 
distinct schemes were disciissed* Firstly, technical education might be 
given in special schools. Secondly, in institutions devoted to the general 
purposes of education. Special colleges for the education of the members 
of all the alioYo professions are to be found abroad. The polytechnic 
schools of Germany and Switzerland ivere especially urged upon the Com- 
mit t<^e JUS worthy of imitation. BnUicient evidence exists that in those 
LDstitutions good scientific instruction ia combined with practical training 
to an extent which Englishmen can hardly credit, tmaocustonied as they 
are to see practical work learned otherwise than by practice. While, how- 
ever, your Sab-committee recognise the great merits of these institutions, 
they do not recommend tliem for imitation, but> on Uie contrary, resolved 
That teclmical in^^truction, as defined above, should not as a rule be 
given in separate professional institutions, but in iastittitions established 
fur general education." 
The reasons for this conclusion may briefly be stated as follows : 
Where training in polytechnic schools is adopted, the system of pupilage 
does not obtain ; the nnmber of years at the disposal of young men for 
their professional training does not allow of the combination of the higher 
school teaching with the teaching by pupilage, and of the two the latter 
is considered preferable. It would also be almost impossible, even if it 
were desirable, to substitute the foreign for the English system, and there 



is oertimly no eupb clear fwiTantago gn.mod abroad as would justify tbe 
attempt. Aa a minor reason, may be mentioned tlie grmt difficiiltj m 
obtaining duly qualified professors. Very few of the foreign inatitiitioitg 
are self-8npiK>rting, and m thjs coimtry, competing against the pupilage 
system, they would neod to he eup^jorted by very large GoTemment grants, 
such 08 should not be given to secure n doubtful ad¥antiige. New Bptscifll 
sehoolfi of the hi|fheBt grade would also, in many places, compete witli 
existing universities ana colleges, and it would b& improper to support 
by GoTemment aid the special school, giving the narrower course of in- 
struction * rath«r than the univerBity or college, giving the more general 
culture and more purely scientific traiuiuf,'. 

Tlie foreign polytechnic schools include a large number of classes for 
teaching pure science ; these could be as well held, if not better^ in uti- T 
vorsities or institutions giving a general education, and it is this pfirt of 1] 
the training which the Snb-committee are cliiefly desiroiB of reoom- ■ 
mending for imitation, not tho practical portion, which is better given I 
the pupilage system. Again, our nniversiitiea and coUeges can reatHty I 
adopjt some cxjurses on the applications of science, and thus provide ane^ 1 
special teaching as may with advantage be given in class-rooms at mnch 
less cjcpenso than would be entailed by the institution of special schools^ 
On these grounds the Committee decided agamst the mstitution of specia*> 
professional schools as a rule. 

None of the objections to these schools apply to special courses of study'^ 
intended to fit students for a snbsecjuent pupilage. The Conmnttee, there-^ 
fore, for the guidance of parents, students, and colleges, obtained reports^ ^ 
on special counses adapted for efich business from those meml>ers of the ^ 
Committee who were specially conversant with each fmbjeet. The reports 
of these gentlemen are appended, and contain many valuable practical 
suggestions, but they rest solely on the authority of the gentlemen whose 
names are attached to them, and have not been adopted by lie Com- 
mittee. The uniformity as to certain subjects suggested is remairlable. 
Ten reports were received : of these all include mathematics, nine physics, 
nine chemistry, nine mechanical drawing. When these, which may trtily 
lie termed the mother sciences^ have been stated, the other subjects appear 
in far smaller proportions. Three schemes include mineralogy, two 
geology, five applied mechanics under various titles. 

With the exception of the reports presented by one gentleman, and the 
report on a mercantile education, all leave the special applications of ' 
science to the particular profession or business for the last year in the 
course ; and although in this last year there was a clear concurrence in 
the recommendation of some special studies^ there is a stiU more marked 
unanimity in recommending the study of pure science as the best grotmd- 
work for all technical education. The special ai>plications of each science 
may be learnt in practice if a sound education in ^lentific principles has 
been received in early life. Without this sound elementary truining, the 
teaching of applied science at the best can only mean dogmatic instruction 
in rules which are not understood, and is liahle to degenerate into mere 
quackery or child^s play. 

When the pupilage system takes the place of the foreign polytechnie 
school, aud when it is understood that the best preparation for pupilage is 
instruction in pure science— it becomes clear that the (Alleges preparing 
students to become pupils must be institutions left by students at about 
the age of eighteen, and that these institntions will correspond far more 
nearly to the gymnasia and iT^rJes of the Continent tlian to the universities 
or polytechnic schools. What is required is that students should enter on 
their pupilage as well instructed as foreign students enter the special 




schools of tlie Continent. Thifl can l>e effectod hy existing (sollegi^ if tkeec 
institutions are willing grganize siMJcinl eoursea of study, and found 
new cliairs for profasaora of certain epeciftl applications of science. What 
those chairs sboukl be may be lathered from the conrses recommended 
in the appendix. 

The existiBg colleges are, however, too few and too widely scattered 
tofifiucate more than a small proportion of those who ought to receive a 
ficifiatific ^ucaMon preparatory to technical pnrsnits. New colieges are 
tlierefore required ; colleges of a type analogous to Owens College, and 
«pbools which wonJd either prepare students for these colleges, or he 
anflJogous in their highest fonns to those imtitutionfl. The class of schools 
Required does not at present exist in England. 

Vihen ©xistiiig coCeges ha^e organised the proposed courses of study, 
^nd when the new echoola, leading to those colleges, or giving analogous 
Pi*eparation for the scientific piofessions, have been established, it will be 
^iBcessary that the proficiency of tlie students and the efficiency of the 
teaching should he tested by methodical t^Eiminatious ; and, in order that 
^^dents should be induced, by a tangible reward, tJO prctsent themselves 
^oll prepared for these examinations, it is desimble that diplomas or cer- 
tiQcates should be granted for approved excellence. There would be 
^exious ohjections to the granting of diplomas to civil engineers, archi- 
t^ta, &c., if tliese diplomas were supposed to certify that, after a merely 
^^^«iliolastic education^ tlie students were ready to practise their professions, 
there are no objectiona to certificates which simply attest that the 
rtmdent has attained such proficiency in his theoretical stuilies that he is 
lilted to enter on a practical pupiUge with advantage to himself and bis 
aployer. The certificates will also lie a valuable recommendation in early 
professional life, if thny are granted with discretion. They might either 
*^ granted by some one public examining IxKiy in each profession, or by 
^l]e various colleges where the higher studiee are carried on. The Com- 
^^ittee prefer the latter plan, as les^s likely to lead to one monotonous 
^y.Mtem of teaching ; hut they feel that certain guarantees must be taken, 
lest a sort of Dutch auction should occur, in which the interior schools 
cind colleges would bid for pttpils by granting certificates for smaller and 
«=aiialler acquirements. Such conduct would no doubt bring its own remedy 
in time, but, to avoid Uie occurrence of the evil, the Committee consider 
that the examinations at e*ich school and college should be conduct-ed with 
^ the assistance of two hade pendent examiners , one appoioted by the Govern- 
^ ment and one by the leading professional institute belonging to the pro- 
V fesdon with which the examination was connected. These two examiners 
should also report on the proficiency of the students at the various inriti- 
t\itions, and would thus perform the office of inspectors, without sub* 
jecting the professors of the higher colleges to any degrading super- 
Tision. 

After this good scientific instruetion, tested by exarainatioUj comes the 
pupil Bge in nil cases, and after the pupilage it is desirable that voluntary 
pnblic examine tions should be bold, with the view of testing whether the 
young men have really profited by their pupilage. This examination, 
which should be partly practical and partly theoretical, might be con- 
ducted by similar hoards of examiners to those speciiled above; and 
^ diplomas, which would then express real proficiency in the several pro- 
^feasions, should only be granted to young men of undoubted merit. Severe 
W examinations of this type are conducted at Carlsruhe and other large jjoly- 

technic schools on the Continent. 
^ The alxjve recommendations are an expiiusion and explanation of the 
m o 2 
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resolutions " That it is desirable that the higher scientific instruction 
should be tested by public examination, and that the proficiency of persons 
who pass these examinations should be certified by diploma and " That ^ 
the preparation for the businesses considered by the Committee is not 
sufficient until due scientific instruction has been followed by practical 
pupilage in efficient works." 

When, however, a methodical course of study has been rendered possible 
for each profession, and examinations have been instituted for testing the 
proficiency of students, it will at first be difficult to fill the classes ci the 
new schools, and to induce young men in any numbers to present them- 
selves for examination. It is incumbent on all those who really behave in 
scientific teaching to prove tiieir faith by giving a practical value to the 
certificates obtained by students. This can be done only by the employer^ 
of labour, who must at first act on faith only. Hitherto no class of youn^ 
Englishmen, trained in the manner proposed, has existed. In order 
induce the rising students to follow this methodical training, they mv0j^ 
see that the few who take that course do find employment moire readil^^ 
than those who do not. The employers of scientific labour can give a:^^i 
enormous impulse to scientific training by showing a real preference f(^^^ 
young men who have passed through the courses of study recommendef^;^;^ 
Thus engineers and architects ought to receive pupils more readily wh c^^^^^ 
are well trained; they might reduce their premiums for such pupils; the^^^ 
should grant free pupilships- as rewards for very successful public exam-^^ 
inations; they might give privileges in their professional institutes to the^^^ 
holders of diplomas. The Committee " recommend employers of labour^^S 
and others in the habit of taking pupils, apprentices, and clerks, to give 
the preference as far as possible to those adducing evidence of the posses- 
sion of adequate instruction in the sciences applicable respectively to their 
professions or occupations." 

Professor Fleeming Jenkin, in an Appendix to the Keport, pro- ^ 
poses the following course for preliminary education of Engineering 
students : 

Civil Enginbbb. 

a two veabs' coubsb. 

[No student should be allowed to enter on a course of [^>6cial study 
until he has passed an examination, proving that he has received a sound — ■ 
preliminary education not having special reference to his profession.] 

( Algebra. 

Pure Mathematics • . . < Plane and Solid Geometry. 

( Trigonometry. 

( A general course on the properties o^^ 
Natural Philosophy . . < matter, and some one branchy such 
I Heat, Optics, Electricity, &c. 

Chemistry (inorganic), with laboratory practice. 
Geology, including instruction in the field. 
Mathematics applied to Mechanics. 
The application of Science to Civil Engineering. 

The application of Science to -Mechanical Engineering, Surveying, an^ 
Levelling. 

( Geometrical Projection. 
Drawing . . . . . < Mechanical Drawing. 

( Plans and Surveys. 
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After passing an examination in these subjects the student should enter 
a ciyil engineer's office as pupil, and examinations ^ould be instituted by 
^hich his knowledge, at tiie end of his j^npilage, could be tested. These 
eiaminations should be on special and hmited subjects, but in these sub- 
jects they should be of a severe and searching character. They should 
comprise two groups of subjects—theoretical and practical— out of which 
candidate should select one in each group. 

Group 1. — Practical Engineering, 

(a.) The preparation of designs^ specifications, and contents for some 
ci-vil engineering work. 

(&.) file design of machinery, &c.; complete drawings, specifications, 
^d estimates. 

Chroup 2. — Applied Science, 

(a.) Pure Mathematics (higher calculus). 
0),) Mathematics applied to Mechanics. 

(c.) Chemistry, Greology, or some other branch of experimental physics. 
Id.) Telegraphy. 

3rd. Students should not be encouraged to select more than one subject 
in each group. 

All these examinations should at present be voluntary, but it would be 
most desirable that the leading engineers should refuse to receive as pupils 
young men who had not passed an examination showing their fitness to 
enter the office with advantage to themselves. 

FiiEBMiNa Jekein. 
Mr. Scott Kussell proposes the following course for 
The Mschanioal Engikesb and Machinist. 

A THBBB TBABS* COUBSS. 

First Year, 
Mathematics. 



Pure science , 



Applications of science 



Physica 
Chemistry. 

Descriptive Geometry. 

Elements of Mechanism. 

Strength of Materials of Construction. 



Practical work in laboratories and drawing office and museums to accom- 
;:iany each study. 

Second Tear. 

{Mathematics. 
Physics. 
Natxiral History. 

I Constructive Geometry. 
Prime Movers and Steam Engines. 
Nature of Eaw Materials. 
History of Inventions. 
Elements of Mechanism. 

Practical work in laboratories and drawing office and museums to accom- 
pany each study. 



198 



ENGINEBBINa EDUCATION. 



Pure science 



Applications of science 



Third Year. 
Mathematics. 

Ultimate Mathematical Physics. 
Political Economy. 
' Statics of Machinery. 
Hydraulic Machinery. 
Prime Movers. 

Electro-magnetic Mechanism. 
Engine Tools. 
Metallurgy. 
^ Design of Factories. 



Practical work to be carried on in laboratories, drawing office, antJ 
museums, and collections of machinery during the Session. 

Practical work in factories and workshops should, if possible, alternate^ 
with study in periods of six months. 

At the end of apprenticeship a course of travel, with work and study^ ^ 
should be recommended. 

J! Scott Eussell. 



Pbofessob Fleebiing Jenkyn on Engineering Education. 

The following remarks on comparative Epgineering Education 
at home and abroad are taken from — 

A Lecture on the Education of CivU and Mechanical Engineers 
in Great Britain and Abroad ; being a public Inaugural 
Address delivered in the University of Edinburgh, on Tuesday, 
<^rd November, 1868. By Fkeming Jenkyn, M. Inst. U.E., 
F.RS. Edinburgh, 1868. 

The position of an engineer abroad, in general, differs much from that 
of his English colleague or competitor, and in France the difference is 
greater than in any other country. 

The distinctibn existing here between civil and mechanical engineers is 
far more strongly marked in France. Aiid the business of the civil engi- 
neer, who is occupied with roads, railways, canals, rivers, harbours, mines, 
is almost exclusively in the hands of the members of the body called the 
Engineers of the Fonts et Ohamsees, forming an important branch of the 
public service. These Government officials correspond to our civil engi- 
neers ; they are allowed, and even encouraged, to enter the service of 
private companies and large establishments, but remain all their lives 
members of their corps ; and supported as they are by Government patron- 
age, by tradition, by their esprit de corps and mutual assistance, and lastly, 
by their acknowledged distinction and honourable conduct, they enjoy so 
great an advantage over any independent man who may try to compete 
with them, that the civil engineer proper only exists as an exception in 
France. Once a member of the corps, a man is honourably provided for 
in life : he enjoys rank, certain promotion, a fair income, and, if he have 
original talent, a certainty of opportunities of largely increasing that in- 
come. Nothing, you will see, can possibly be more different from the 
career of an English engineer, to whom the Government is usually nothing. 



ttiiltse it be looked upon im a foe from wliom rocognition and remuneration 
ishhe won by sheer hard fighting. 

Being pnbhc servante, French engineere are educated by Government, 
tod in great prt at Government expense : the eareeti being bo advan- 
%soiiSj is desired by tlie ^iie of the French youth, and henoe in the oom- 
f>etition wMch determines the admission of students to the Polytechnic 
School, as the school of engin^rs is termed, we eee 900 picked pupils of 
%hteen and nineteen, each straining every nerve to win one of 150 appoint- 
ments annually made. I behove that there exists no competition in 
^Uiope comparable with this. The great severity of the examination is so 
^ell knowiLj the fact that five out of six must fail is so obvious, that none 
young men who have already gained distinction in the great public 
^^liools dre^im of competing. But the select 150 are a long way yet from 
jk^fio practical part of their profetiBioa For two years longer they are em- 
^WLcyed in purely theoretical studies, that is to say, the higher mathematics, 
~5>.eoretleal mechanics, mathematical physics, curious problems in descrip- 
JA-ve geometry, with a little drawing and language as recreations. During 
^^Jncse two years each of the 150 is engaged iu a daily struggle for about 
^^^e-and-twenty highly-coveted posts. The three who are at the head of 
^^e clsfis-hst at the end of the two years gain the proud title of Engineers 
"^^f Mines, the rest are humbler members of the Pont^ et Chaimees^ while 
'•^i^Tie 125 who fail have to content themselves with lookiiig after the State 
^^:sictoriee for powder , tobacco, or saltpetre, or, worse sUll iu their estima- 
"%^on, they sink into mere royal engineers or artillerymen. They may even 
^all as low as the navy or marine-artillery, for^ strange as it may seem 
^>vith our misconcejitions of the French character, the civil appointments 
^^»ank infinitely higher in the estimation of the competitors than the mihtary 
posts. 

Let us acOTmpany them a little further on their career. They have not 
yet got to practical work. For three years they attend another school, 
the school of the Pan ts H Ohaiiss^es^ or the school for engineers distinctively. 
Here they are taught in classes how to apply their theoretical knowledge 
to practical problems, and for six months in each year they ai"e sent into 
the country to see some practical work ; there are no more competitions, 
and the life is now an easy one ; at the age of about four or five and twenty 
they leave college and ivre sent into the provinces to begin real work, which 
for them is chiefly a matter of routine, concerning the administration of 
the law na to the mamtenanee of aU public works under Govenmient con- 
trol or inspection, — i s., in France, roads, canals, rivers, harbours, railways, 
and telegraphs. Too often the young man who has received a mathematical 
training equal to any that Cambridge can give, sinks into apathy under 
this occupation J and plods his life through in a lazy comfort, without 
ambition^ but with no fear as to tho future, without faQure, but without 
succeea 

In the education given to mechsnieal engineers in Fiance, we find much 
that is worthy of o^nr admiration, Theur mechanicians form no guild, pro- 
tected against competition ; they have to work and strive, subject to the 
same hard laws which determine coiumercial success abroad as at home, 
and they arc rivals whom we must respect, if we do not fear them. Their 
marked success of late years has chiefiy led to the demand for a better 
.teclinical education in England, it being well known that much of their 
success was due to the esceDent education which they reeeived, chiefiy in 
the iScole Centrale of Paris — where the instruction given is very similar to 
that ofiered by the great polytechnic schools of Germany and Switzerland. 
These great colleges at Zurich, Carlsmho, Stuttgardt, and several other 
German towns, offers with the £coie Centrale of Paris, an education to 
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eBgineers which is altfigetber mltDirable, eo fur m tlmt ediication \ 
pveu in college^. They are all prol^ted by an entrance examii 
only a few degrees Icaa severe than that required to win an appoints 
the fVeneh polytetlinic school ; thej have no posts or appointmi 
o^T m prizes, and yet crowds Of students aannally striTe lird to gi 
mere pmiJege of adinisfiion. j 
Now^ abroadj this path to the work of an engineer lies throng! 
great colleges. The English system of apprenticeehip does not exii 
Bequently the one letter of recommendation which proTes that a 
man is worth a salary in an engineer's office, or in a mechanical wot 
ifl a diploma from a polyte<^lmic school. Therefore the schools ate 
England, the imfch to employment a^ an engineer lies throngh the d 
workahop of a civil or mechanical engineer, and therefore we fin 
yonng EngliBhmen and their parents crowd the doors of the offic 
workehopsj offering premiums of £300 or £500 for the mere permia 
pass three years muieeded inside the magic gatesi which mnet be 
to gain an entrance into the profession. True, abroad there is I 
which reqnirea a diploma from a man before he can practise. 15 
Great Britain men may and do rise from the ranks^ and become til 
eminent of all our engineers, hut it is not the less true that a 
foreigner of education finds the only recognised entranee to his prd 
tlirough the colleges, and that a young man here must look to pi 
or apprenticeship as the only recognised beginnmg to his career, 
enpneer. 

The two systems cannot well be combined. The foreign plan req 
young man to study in a college till the age of about twenty-threa 
it is too late for him to think of entering an office or workshop foi 
more yeaxs, paymg a heavy premium and receiving no salary. 

Before considering which is the best system, it will be well to gi 
a somewhat fuller aecoimt of what is done in these great technical si 
At Zilrich and at Carlsruho a staff of from forty to fifty compete 
fessors gives a technical education tc^ the students. Not only do theg 
mathematics, mechanicSj physics ^ geology, cliemiatrj'', but they teac 
the knowledge of all these elements is to bo applied to prsyctieal pn 
in e¥ery department of engineering. The pupil begins by designing ^ 
bolte, rivets, or walls, and culverts, and ends by designing, umi 
master's eye, the most complex machines md the most elaborate 1 
and harbours; he is shown the practice of all nations; he is fo^ 
calculate Ins work so as to meet the reqmrements of real problems, | 
thoroughly is this done, that students do leave these colleges well I 
earn a good salary in the drawing- office of the civil and mechanicaj 
neor- I could not have believed this to have been possible had I ni 
it ; and my personal inspection of the colleges taught me to marvel) 
combination of theoretical with practical knowledge evinced by the Qi 
PTofeseors, At the iScole Centrale I fonnd that the system was 
in addition to the usual courses of lectures, projeets were e^ch] 
submitted to each class ; that is to say, they received a short specif 
of a certain work to be designed. The designs, specifications, and esi 
were to he rcfldy in one month's time. Meanwhile each pnpil was J 
consult hooks, friends, even the Professor himself, hut he was bol 
produce an original design, making the drawings ia the class-room. T 
each design had been sent in, the Professor cross-exaudned every p| 
to his motives for choosing the dimensions, materials, and forms at] 
and finally, he corrected and criticised the design. Couple wit! 
tidmirable lessons in the higher mathematics, pure and applied, al 
will not wonder that the ificole Centrale turns out men who are th 
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mmtrs of tlie theory tmd practieo of dmgn applieLl to engineenug 
Tb's 18 the {areign sjfltem. What ie ours ? 

Yomig meD, at the age of about eighteen, enter tho office of » civil 
?iDpneor, UaimUy few questions are asked as to ptevioua training. Eti- 
quette requires the enginoex to ahow a oertaiu reluctance to receive the 
pupil, and, in fact, the ordinary pupil is a sort of nuisance in an office, 
onlj tolerated in consideration of the fee which aceompaniea him. From 
personal CTperience I can declare, that most pupils are so ignorant of 
I ftlgebra, that they are not only incapable of working out a result for them- 
aeJves, but actTially cannot apply the simple formula which are given in 
engineers* pocket-books* The calculation of the solid contents of a wali is 
often beyond their powers. Their arithmetic is very shaky, and a know- 
felgc of physics, chemistry, geology, or the higher mathematics is wonder- 
^lly rare. The men have too often chosen the profession from an idea 
*hat it is pleasant, and because, forsooth, it is guarded by no prcliraiDary 
^^S^uoination* Not even a pass-examination is required^ and the ignoronco 
some pupils, especially in mechanical workshops, must bo experienced 
*^fore it can be believ<^ They really seem to tlunk that a little turn for 
?*^aking toy-models shows a bent for mechanical engineering such as will 
•l^^^lstify them in expecting success. 

These yomig men during tluree years have the run of the office or work- 
"^Viop, and if they are intelligent, towards the end of their pupilage often 
-^^ave opportunities of setting actual work in the field, or of designing some 
^^^fcarta of actual machinery, and of assisting in the erection of more or less 
^Vmporfcant works. No one teaches them anything; but they have the 
Opportunity of seeing how some actual work is 4one ; they soe just how 
^nch mathematics is absolutely required, and they pick it up. They see 
>]ow workmen are managed, and learn their habits ; they are brought into 
^ontayct with the exact class of work which they will have to perform, and 
they know that unless soon tliey are competent to do tlds work, they will 
not have a chance of employment. The one point for them iis, to convinoe 
their mast-ers that they arc useful, and hence, notwithstanding their igno- 
^ ranee at starting, the neglect in which they are left during their pupilage, 
the absence of opportunities for improving their theoretical acquirements^ 
many of them do become useful mem , 
The contrast between the two syetems m complete : abrtMid, men have 
almost perfect theoretieal instruction, coupled with a wonderfully good 
hnitation of the real work, so far as design is concerned ; tiey are not 
brought into contact with the execution of those designs until they begin 
to gain their bread. In England, the theoretical instruction is wofully 
defleiont, but the abler men are allow^ed to design real work, and they 
watch the execution of that work in many stages. Abroad, competitive 
examinations keep out ineomxjetent men ; in Britain they are weeded out 
by the result of the struggle for existence. Abroad, great numbers pass 
through the same school ^ making the same designs, in great variety, under 
the same Professors. Here, each man sees different work, but of a limited 
kind. 

Before deciding which system is the best, or what modificaiaon of the 
two is desirable, wo ouglit to form some idea of what the work of an 
engineer is. 

As a civil engineer, the young man is called upon to design small works^ 
such as bridges or culverts, according to some weU-estahhshed type — tittle 
origipality is waoted, and just so much tlioory as wiD allow liim to make 
sjtfely the slight modifications requireti to meet each case ; he superintends 
the execution of work by contractors, and must know good from bad work 



202 



ENGIlfEEmiJa EDUCATION. 



when ho soeE* it j be must hayo such a knowledge of mensuration as will 
allow him to mrUfy exut^tly thti iiuaatilieij of work done by the contnijctor. 
He must l>e able to survey on occasion, to level with great rapidity and 
accuracy, and to mi out work in the field. He must have such a know- 
ledge of the world as will enable him to deal pieafiantly and firmly with 
workmen, contractors, aud proprietorR on whose land the works are lieing 
eomtnicted. Above all, he must be a tlioroughly honourable man, wholly 
above enspicioii of taking bribes from contractors, of cooldng hia work, of 
oonoealing any blimders he may make, or of aheentiug hiiria elf fircmx his 
dutiee. 

Colleges cannot teach joung men all tbese things, and my own expe- 
rience has confirmed the conclusiou, that a gentlemanly maa of fair educa- 
tion and mtelligence, after working bh a pupil for tluee years m a civil 
engmeer's office, is, for sutjordinate positions oa a civil engineeTj a more 
useful maE than the pupil of a foreign school 

For a mechanical engineer the case is different* The younger men in 
factories have to design machinery frequently of one tyi}e,but nevertheless 
Taryiug m much from year to year,4that a eouud biowledge of mathe- 
matics, mechanics, and physics, is of the greatest importance to them; 
consequently, as dmughtsmen or designers we find foreigners employed all 
oyer the country. And « priori I would rather engage a foreigner to 
carry out my ideas iu designing a new machine than a young Englishman 
of equal standing, especially as most of the foreigners complete their 
education by worfcmg m a shop for a short period. 

As they rise in them professions, engineers are called upon to display 
higher and somewhat different quahties. The civil engineer may be called 
upon really to design great works and novel works ; imd here Englishm^ 
feel sadly the want of a sound theoretic-al training. But even in tho higher 
walks of the profession, design and invention are required much less 
than is usually supposed. The leading engineer must be a man of good 
business habits, able to advise the directors of groat companies prudently 
as to the probable cost and revenue of proposed works. He must have 
the head of a lawyer in drawing up specifications and revising contracts* 
He must be able to choose kis subordinates wiselyj and keep them in good 
discipline. In a word, he must be a man of gi-eat Common Sense. 
^ As a mechanical engineer^ or as a contractLiig engineer, a knowledge of 
frflde^ a keen eye for economy in details^ and a thorough practical know- 
ledge of the properties of the materials he employs, must be added to the 
above list of talents; and when we reflect how very few of the above 
qualities can be taught at colleges, wo imderstand how it is possible that 
our engineers should justly take a high rank in the estimation of the 
world. 

Ton will long since have anticipated my conclusion,— that there is no 
reason for abandoning our syst<em of apprenticeship or pupilage, to sub- 
stitute for it tho foreign plan of large special colleges, even if we could 
hope to create eoiJeges of equal merit with those formed abroad. 

But this conclusiouj instead of leading us to sit down wrapi^ed oom- 
fortably in a veil of blinding self-conceit, ought rather to urge us to work 
with the greater vigour at removing the aclaiowledged defects of tho 
British plan. We have not to construct the whole edifice anew, we have 
only to put on the comice-stono. 

Our defect is the want of a good knowledge of the theories affecting our 
practice. 

It must be admitted that of this knowledge we possess far less than is 
necessary. By dint of sheer hard thinking and repeated trials, wo some- 
iiow do solve moat problems; and the plan of Brindleyj who used to / 
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when lie was poeed, md think steadily for a day or two, is by no 
meaoB a bad one. But our success costs a vast ospencfituro of money and 
of brain, which could be turned to better puTpoae if wti knew how to cal- 
culate the results to be expected from a given combination with Bome 
€*ertainty beforohand. And not only does our ignorance eanse much wealth 
to be w-asted by the communiry in useless trials, but it prevents the trial 
of many new schemes, because the engineers or managers to whom they 
are submitted feel that they have no means of judging beforeband of the 
probability of success, so thoy, wisely in their generation, think they had 
Itetter stick to the old plans, and in nine cases out of ten ihey are right ; 
bat tbe rejection of the tenth case is a dead loss to themselves and to the 
country. 

How much theo]7, as it is called, does the engineer want to enable him 
to judge soundly and design correctly? Certainly much leas than is 
given abroad* 

I have no doubt that the en^eering student of average ability might 
acquire a sufficient knowledge of theory before his apprenticeship begins^ 
or during its ooni'se. The Tery entrance-examinations Tequired by the 
foreign colleges are a proof of this. These examinations are jiassed by 
young men of scventtsen, eighteen, nineteen, and if our pupila could enter 
on their appronticeslup as well educated as the forei^naers whttn they enter 
their special schools, I am convinced that the British would in every 
respect be fiar superior to the foreign system Our engineers would then 
start in life with a good knowledge of algebra, trigonometry, mensuration, 
drawing, the elemente of physics and chemistry. The f*^w who had the 
turn for higher mathematics could pursue their studies in after life, hut aU 
would he saved the weary time now lost in offices by zealous men trying 
vainly to understand the simplest fonnulje, and gradually picking up 
through practice the power of mensuration, and of repres^aiting ordSiary 
geometrical foi-ms by mechanical drawing. In addition, it would clearly 
be of great advantage that they should, before being brought in contact 
with practical work, have liad their attention drawn to the manner in 
which all these branches of knowledge are applied to the solution of 
practical problems. The manner in which estimates are made, specifica^ 
tions drawn, and contracts framed, can be indicated by special examples. 
Above all, it is possible to inculcate the true principles of economy upon 
the mind of the student, who should never forget that the object of the 
engineer is not to display his ingenuity by the production of ingeniouE 
devices, but to use his judgment and invention so as continually to 
endeavour to increase production at a diminished ooet 

Diplomas of engineering aro no novelties abroad ; they are granted by 
ftli the large and micceasful colleges ; they are the object of a most le^ti- 
jnate ambition, and testify to facts which can be ascertained with certainly. 

diploma could he granted by this University certifying that a man 
Iff ho had only studied here was fit to practise tlie profession of an engi- 
neer; a diploma following on coOege studies ought only to declare that the 
Itudent i^ fit to enter the office or the workshop with advantage to himself 
fcnd his employer ; but there is no reason why, after some years of practical 
Work, the engineer shoiild not return to the university, and by parsing a 
voluntary examination, both in matters of theory and of practic© — such an 
examination as actually conducted in Germany, — obtain a degree or 
diploma which should really be a guarantee that in certain branches he 
WHS a competent engiDeer. The arguments in favour of an Engineering 
degree maybe thus shortly stated : — tbe profession is well defiled; the 
stnaics required by its follow eis are of a scientific kind, well suited for 
collegiate examination ; a motive for systematic study is urgently required ; 
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and, lastly, a means of distrnguishing themselyes is earnestly desired by 
young engineers on the termination of their pnpilaga Now, personal 
distinction is wholly denied to the yonng engineer ; he works for others, 
and the merit of his work fells to the credit of his employer, who is 
responsible for it to the outer world ; some means of distinction, such as is 
afforded by a degree, would greatly tend to induce men, arfter leaving the 
university, to continue their studies. I really know of no objection to the 
creation of a degree or the granting of a diploma, except that it is a novelty 
in Great Britain, and might be misused by inferior institutions. 
• 

Mr. Jenkin also, in a letter to the Secretary of the Institution, 
adds the following observations : 

It is out of the question that any college training shonld replace 
the system of apprenticeship, but it is most desirable that pupils 
should enter offices better prejmred than at present, and that they 
should continue their theoretical studies during their apprentice- 
ship. 

We do not require special institutions, or any large number of 
technical chairs, but rather — 

L. Great improvement in secondary schools, especially in teach- 
ing arithmetic, geometry (abohsh Euclid as pestiferous), elements 
of natural philosophy. 

2. The establishment in some large towns, such as Liverpool 
and Birmingham, of colleges on the Scotch model, or on that of 
Owens College — ^fairly well endowed — giving chiefly general scien- 
tific training, with^a few special technical chairs. 

3. The practical recognition of the value of scientific training by 
Engineers who take pupils. 

a. By giving free pupilships as valuable scholarships. 
h. By admitting as pupils only those students who have passed 
certain recognised examinations. 

c. By co-operating with colleges as examiners. 

d. By inserting in agreements with their pupils that during the 
winter they shall attend certain classes (done here). 

e. By giving some privileges in connection vrith the Engineering 
societies to graduates. 
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Mb. Soott Eusselii oh Techkical Education, 

The following extracts are taken from — < 

Sifstemaiic Technical Edueation for the Englhh People. Btf 
John ScoU RusseU, Esq., F.B.S. R & M. hid, CX, 
<fee.5 London J 1869, 

In this able mi matructiye workj the Author makes an elaborate 
compariaon between Britiah and foreign technical education, much 
to me disayantage of the former, points out \^7th much force the 
evxU to be apprehended Irom the competition of foreign natiouB in 
teclmieal matters under their superior education, and proposes a 
remedy by the organisation of new technicalj science, and trade 
gchoolB throughout England. 

The following extracts will illuatrate most of Mr. Scott Ruasell'a 
viewa as bear most particularly on the education of Engineers; 

I will now come to the practical matters which show directly the results 
of a technical education in tke production of on© of its chief objecta— the 
creation of wealth. It m notorioufi that those foreign railways wliich have 
been made by themselves in tlie educated countries of Germany and Swit- 
zerland, have been made far cheaper than those constructed by us in 
England; it is known that they have been made by pupils of the indus- 
trial schools and technical colleges of these countries^ and I know many 
of their diEtmguishod men who take pride in saying that they owe tlieir 
portions entirely to their teclmieal schools. I find everywhere throughout 
their work marks of that method, order, Eymmetiy> and absence of waste 
which arise from plans well thought out, tke judicious application of 
principles^ conscientious parsimony, and a high feehng of professional 
responsibility. In the accurate cutting of their nlopcs and embankmentSj 
in the careful design and thoughtful execution of their beantiful but eco- 
nomical stonemaaonry, in the self-denying economy of their large span 
bridges, the experienced traveller can read as he travels the work of a 
finperiorly educated class of men ; aod when we come down to details, to 
the construction of permanent way, arrangements of signals, points, and 
sidings, and the endless details of stations, we everywhere feel that we are 
in the hands of men who have spared no pains, and who have apphed 
high professional skill to minute details. It is weH known that many 
years before we would follow their example, the engineers of the German 
railways had introduced a system of constructing and of uniting to each 
other the iron rails of the permanent way, wliich made them cheaper, 
more durable and safe than those employed in England. Happily for our 
national reputation it was an Inshinan who invented it, though its advan- 
tages had first to be appreciated in Germany before we would follow the 
example. 

It is remarked by every traveUer that the works of their railway statious 
are, when compared with ours, much more beautiful, convenient, and fit, 
both within and without ; the const niction of their trains, the proportions 
of their carriages, the fitness, convenience* and ctomfort of their intemaJ 
arrangements, all toll to the disadvantage of ours ; and the one thing in 
which our railways excel theirs is in high speed. Theirs, on the otiier 
hand, are economical in capital and high in revenue. 



In 1855 we siiw that the French and the Gormans had already advEii 
far into our own proTincos of iron, steel, and metiil mannfactui-e. 
found that they had already estahUshed schools in every raetropoliSj lar ' 
town, or ^ntre of mdtiBtry. for educating profeeaional men and masters, 
for traimng foremen and fikillod workmen, and for educating apprentices. 
What we saw in 1855 was instjnictive to the clear-eighted imd the thought- 
fal ; but it was not humiliatiug to the mass of the English visitors, and it 
did not alarm the Englieh mimufactiirors. Therefore, unhappily, they did 
not take warainpr in time. Tliey roei'ely comnaitted the common blunder 
of despising their rivals. \Mien they saw the enormous progress of the 
French in steam machincij, and its metal products occupying a huge 
annexe, they merely said: "Look I they have been imitating tis; hut 
uevor mind, these arc mere tours th force got up under the patronage of 
the Emperor to make a show at his Exhibition. They serve to gratiiy the 
Tanity of the French nation, but they can never compete with us in quality, 
quantity, or price/^ 

This Belf^satisfaction was a huge blunder. The progress of the French 
and German nations has shown there waa an ominous reality, 

France had been diligently following up her determination to equal tif* 
in our great staples of machinery and iron manufacture, and tho stately 
steam-engines she then produced as examples of her ordinary work in the 
steom-sliips of her navy and mercantile marine, fiufficed to show us that 
her progress was tnie, and that we had been mistaken in calling har 
triumplis of 1B55 tonrs d^ fi>rce. All around us in that ExMbition were 
proofs tlmt every nation had begun to rival us in some one of our great 
specialities. 

It was the Exhil>ition of 1867 in Paris which gave the Eations, and 
especially England, a final lesson. By that Exhibition wo were rudely 
awakened and thorouglaly alarmed. We then leaint, not that we were 
equalled, but that we were beaten — not on some points, hut by sonae 
nation or other on nearly all those points on which we had prided oor- 
selvea, 

I shall shortly sum up the practical conclusions which I myself and the 
most eminent of my colleagues arrived at. We were sent by the British 
Government to serve as jurymen in adjudging the awards of the Exhibition, 
and to report to the Government the practical facts of national importance 
which we might there observe. In the great manufactures of iron men-of- 
war, with their hnge steam-engines, ponderous wraught-iron armour, we 
found ourselves equalled if not beaten. The large raadne engine of Dnpuy 
de Lome neither excelled the English marine engine in exquisite truth of 
workman shiji nor in high finish, for I have elsewhere said that the English 
workman's conscientious pride in his work is not to he excelled by that of 
the worianen of any other country. But the design of the French engine 
showed so much forethought, piaetical wisdom, and provision for economy j 
as left no doubt that it would consume less fuel, do more work, enduro 
longer, and run less chance of accident than our own engines; all of these 
being qnahties heretofore constituting our own superiority. 

Next in iron armour. Their ships carried iron armour as thick and as 
strong as our own, and they were armed with guns and supplied with 
ammunition which could just penetrate that armour, but which that 
armour was just able to prevent from piercing. And their ships presented 
arrangements for securing all the advantages of simultaneous firing in 
^ very direction which wc had claimed for ours, with this additional advan- 
tage, that the French had attained that which we had at enormous ex- 
pense tried but failed in obtaining— efficient breech-loading gims, whicli 
enable iiiem effectually to deliver 17 ahots to our 10* 
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ThnB OUT naval supremacy was shown to be ended, io fiar as the manu- 
ctxixe of miitBrtt! and mechaniRm is ciincemod* 

Gaming to land»niacliinery and structures, we found in the French 
department of the great building a mtiltitude of Bteam-engmea of French 
maiiufacture^ and oven frt>m distant provinc^s^ distinguished by owr own 
perfection of mochamcal execution and high finish, but distinguished also 
beyond any of our own for the eleganoo and perfection of their mechanism 
and arraugeutents for economy. With the French, fuel ia dear ; they find 
it worth while to fetch it from England and pay the freight, but they have 
set theix minds to compensate this inequality hy their superiority of 
design and contrivance So they not merely invented boilers well cal- 
culated to endure, keep clean, and extract the largest quantity of heat out 
of the fuel and to make with it high and strong steam, but they also con- 
trived tlie engines in such a maimer as to turn that steam to better 
ftceouut than inoiLt engines, so as to get more power out of a given quantity 
of fuel, in a higher proportion even tlmn the greater cost of our own fuel 
exported into France, A clear triumph of forethought and ingenuity over 
wasteful, unthinking wealth. 

There was but one steam-engine which rivalled them, and that was 
more the contrivance of the American than of the EngliBliman whoeo 
name it bore. 

But perhaps the most remarkable group of all the exhibitions in Paris, 
was the group of large manufacturefi in iron which showed the products 
of the fnrnaces, forges, and iron-mills of France, Germany, and Belgium. 
EvcTy where in railB, railway wheels, railway tyres and axles ; in large 
wrought-iron beams for housebuilding, in iron plates and bars, and frames 
for iron ships— in the^e, wbich were all our own, we found ourselves 
rivalled, excelled, in size and quality, and competed with in price. On 
landj therefore, as well as at sea, our mastery of iha iron trade eeemed to 
have disappeared. 

In imelting, mining, locomotive biiilding, and the great branches of 
commercial machinery, a single great establishment in France, called 
Crensot, appeared bke a chivalric knight to issue a cballeuge against all 
England, 

Creusot possesses the natural advantages of England, inafimuch as under 
its own soil it has the iron, the coal^ and other minerals, in the same 
abundance as ourselves. But Crensot, under the wise direction of Presi- 
dent Schneider, was endowed with an advantage which we have neglected 
— the possession of a systematic organization of technical schools, Oreusot 
bag a generation of workmen schooled and trained on the spot The 
schools lire a model which we shall long emulate in vain. It will take us 
twelve years to overtake Mr. Schneider. He imports bis locomotives even 
into England; and all round the coasts of Franco, and round her inland 
borders, Schneider serves with locomotive engines, iron plates, and forginga, 
customers who used to come to us for these commodities. It is not in 
price merely that he competes with us. It happened to me to be pro- 
fessionally occupied in a foreign country where the iron for a large engi- 
neering undertaking was about to be contracted for. Competitive tendei's 
were obtained from some of the best works in England, and from Creusot. 
The prices were so near as to have little influence on the result, but they 
I were slightly in favour of the English manufacturer. The contract waa 
' given to Creusot, and when 1 inquired officially the reason which had sent 
the contract to France, I was informed that they could more perfectly 
rely on the uniform excellence of the quahty of the iron from Crensot than 
from England— a result to an English engineer sufficiently humiliating. 
I asked the value of this chai'acter in the opinion of the buyers, and was 
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atjswerod that they oonsidcred it eqniYalent to more than five per cen 
favour of Fmnc*?. 

Another fact of the same sort in the same place expressed the same 
viotion. The large iron forginga wliieh were imported for the same work, 
camo from Franc©, not England. The answer received this time wm ^if 
the large forging!? were cheaper in England than in France, bnt that m 
France the forpn^jrs were so mueli tetter fonned to the finished shap 
to he worth more than the diSbrenco in price, 

I have dwelt on these instances mainly because they aj*e in departnieil" 
in which I can venture to expresR a professional judgment In the PrusM 
department were triumphs of technical skilly palpable to all ohseners, 
Steel cannon more powerfnl than any of our own^ carrying larger filiot 
with heavier powder charge. Large ingots of steel, of magnitnde and 
quality unequalled by any nation. Tyres of locomotive ,wheele, wMchj 
imported into England, supersede oiir own highest qnalitjee of iron; and 
complicated members of machines forged by Krupp out of a single pi 
of steel so as to he equivalent to eight or nine of the old pieces, form 
fastened imperfectly into one. These were some of the trinmplis 
exhibited by Prussia, even at the end of her costly war. 

The Auttor cites the Koyal College of Naval Ajchit^ture at 
Kenaington as ahoaoBt our only aucceesful attempt at systematic 
technical education, which, he sajs, as a role, doea not esist in thi& 
country* 

The Royal College of Naval Architecture at Kensington is ono of i 
few eatablishmente created by the British Government for the technical 
cduc-ation of its professional mem 

The Author was one of those members of the Institutioii of Naval ArcH- 
tects who urged on the (Tovemment of the day the establishment of that 
technical college. Aided hy Sir J. Paldngton, thoy succeeded in obtaining 
tho necessary endowment. Her Majesty, who has always been a true 
friend to the cause of superior education, authorised the founding of a 
royal college- Mr. Cole, at Kensington, organised the appropriation of 
buildings and an establishment to that purpose ; the Constructor of the 
Navy's department aided in the organisation of the school ; and under 
Mr. Herrifield as Principal, and Dr. Woolley as Admiralty Inspeet^jr, the 
Boyal College of Naval Architecture ia now a typo of that class of institu- 
tions which no English profession ought to continue deprived of, and 
where young Englishmen may obtain a training which they need not ^- 
asbamod to compare with that of similar mstitutions abroad 

Speaking of the Zurich educational establishment^ he Bays : 

Such is our model university ; and I ought not to leave it without testi- 
fjing to its perfect success. My first acquaintance with this univerBity 
arose out of tho incident of a young relation of my own happening to 
desire to obtain an education in a branch of civil engineering, and finding 
it impossible to obtain that education in England. Fortunately for Mm, 
an Englishman of science, well acquainted with foreign education, recom- 
mended to him tho technical university of ZnJrich. He went there : he 
pasHed through its courses ; returned to England ; entered himself in the 
usual manner as a learner in the works of an eminent Engineer* Here the 
advantages of Zurich soon showed themselves unmistakeably ; his sui:ke- 
riority was so c videnti that ho soon rose over the heads of much older men» 
and long before Ins apprenticeship expired, he had already been entr 
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heavy responsibilities and important duties^ which could not bo en- 
vied to men much older and more experienced, but less skilfully 
aed, and less highly educated. 

Ihe Author's own views about Engineering education are stated 
follows : 

What Technical Education should we give to the Mechanical Engineer or 
Machinist f — From the days of James Watt and Arkwright until now, 
comprehending the whole of the present century, the mechanical engineer 
or machinist has formed one of the most important classes of this country, 
and has conferred on it immeasurable benefit. It was the mechanical 
engineer and the manufacturer who, together, during the early part of the 
present century, while the whole of Europe was overrun by the curse of 
war, created wealth in this country so rapidly, as to enable her to struggle 
through a burden of expenditure to which there has been no parallel, and 
to come out of it prosperous and wealthy. 

There are no occupations or trades concerning which there could be so 
little difiference of opinion as to the practical importance of special technical 
education, as this class of mechanical engineer and machinist. Philo- 
sophers have defined man as the tool-using animal ; but if the man of this 
century were defined, the "engine-maker" and " machine -user " would 
^ his leading characteristic : it is the triumph of human nature in our 
time, that it has achieved the understanding of the forces of nature so 
completely, that whatever material service wo wish to perform, we can 
^ways discover some elementary force in nature, willing to lend us its 
aid to conquer our difficulty, provided we will study its nature sufficiently 
to direct it into the way in which it can best serve our end. The steam- 
hammer of Nasmyth, and the steel ingots of Krupp, are symbols of the 
powerful yet plastic forces man wields, in his gigantic shape-compelling 
processes of manufacture. We may sum up the duties of a man of this 
craft by saying, that there is scarcely a process now performed by animal 
or man, which our engineers or machinists of the next generation may 
not be called upon to perform better and quicker by machines of their own 
creation. 

Of the engineer and machinist it is therefore very easy to indicate the 
course of instruction ; unluckily, much easier to indicate than to accom- 
plish. He must master all the known powers of material nature : heal 
and cold; weight and impulse ; matter in all conditions— liquid, solid, and 
gaseous; standing or running, condensed or rare, adamantine or plastic- 
all must be seen through and comprehended, by the master of modem 
mechanics. The same laws which govern the machinery of the heavens, 
lie has to apply to the machinery of the earth ; and the same exquisite 
mechanism which the Creator has used in the structure of his animals, tlie 
modem mechanician has to apply in the constmction of his microcosms. 
The modern mechanician, who would be equal to his work, must be pre- 
pared to shape a tool and frame an engine for the execution of tasks which 
were never even dreamt of by the older mechanicians. 



Technic Educatkjn of the BUechanical Engineer and Maohiniot. 
Mechanical Knowledge. Technic Education. 

Shapes and sizes of things .... Geometry. 

Quantities Algebra. 

Numbers Arithmetic, Calculation. 

Weights Laws of Gravity. 

Forces and Motions Laws of Dynamics. 
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TicKNio EDUCATION, cmtitmed. 

Lftwa of Btfltica 
Tbeoretical mocliauicsi 

I Hydmtaticii and hydrculymmici. 
I Heat, liglit, doctriciiy, attaietJmi, ftnd 

Chemical physics. 
Ekmenta of mechanlBm. 
Hiitoiy of mftcliiDery. 



What Tcthnie Edmntimi shtmM tt^e give the CivU Engineer f — The _ 
publie works of a civilised country hare always demanded and generafiy 
roceired tjoin its Govemmont, eaniost solicitude and forethought. In 
iS^ncej the engineers are the elite of the nation ; the most digting:iiiRhod 
pupilfi in the colleges thronghont the country are promoted into the centnil 
teelmic institution of France in Pam ; and ont of thia again, a selection 
is made of the most talented for the " corps de genie maritime for the 
'•^eorpH de genio militaiie;" and for the " corps de g^nie civil/* or "ponts 
et chatiBs^ee.'* 

By the great public works of a country m much \n gidned or lost to the 
public well-l>euigj that the most liberal measures are justified, if they suc- 
ceed in providing for its service the profound*^ knowledge, the most 
brilliaiit talent, and the highest sfcili In the time of the HomaiiB, Eurofoe 
woa covered with those wonderfnl imds wMcli have been poi-petiiftted to 
the present day, and are marvels of conception aiad execution. The correc- 
tion of rivers and supply of waters to great cities, the drainage of marshee 
and the irrigation of plains, have develojMd the industry and crated tho 
wealth of populous countries ; and it lias depended almost entirely on the 
wisdom or folly of modem GoYernments, in the selection of their engi- 
neering systems, whether those great engines of commerce, the modern 
railways, have been given to a country at small cost, on a wise ^tom of 
development, with gain at once to the capitalist, to the trader, and the 
Gnvemment Whei'e Governments have been wise, the railways have been 
well selected, cheaply made^ economically and profitably worked Where 
they have been reckless, ignorant, unwise, railways have been made at 
great cost, extravagantly worked, dear to the public, and unprottable to 
ttie capitalist. 

When it is considered that the telegraphs which now work the com- 
merce of the world; the great lines of steam-ships which unite it^ most 
civilised portions; the railways wliich everywhere connect the populous 
centres of empires; the water supply; roads; ports and harbours; the 
direction, training and permanence of our navigable rivers —are all worlm 
involving enormous cost, involving the highest national interests, and re- 
quiring consummate knowledge and skill, it is plain that we may judge of 
the wisdom of a nation by the foresight and forethought it bestows upon, 
the rearing, training, and selection of this torpa d*eHh' or corpa de g4nie ; 
and it is therefore self-evident that, in a technical imiversity, the pupils of 
this section must find a prominent place. For England ee|^viaily, with^ 
her wide-^read dominions, it is evident that the youthful Engineer f^hony' 
be prepaid to find a sphere of useful ness uj any quarter of the glol>e, and ' 
to cari7 with liim a mastery of all the resources of modern sdence and 
skill. 



gtrengtba 

MM:liAuical poweta . . . 

lidwa f>f flolias , . . . , 

LrfiWB of liquids , . . • 

Luwa of am and gfiage . , 

Genoratioii of inotioji . , 

Souroea of power . , , , 

Aj>plieationtt of power . , 

IVIeohanical inveufclona . , 
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Technic Education of the Civil Kngimeeil 
Engineering Knowledge. 
JjAWB of water — standing and running 



Laws of dead matter 
Laws of fixed and moving bodies . . 

Bnilding of bridges and ways . . . 

Snrveying, mapping, selection of routes. 

Erection of bnildings 

Estimates of cost and production of 
pnblic works. 

Steam-ships and machinery . . . . 



Teelmie Education, 

Hydrostatics and hydraulics. 
Strength and resistance of muti'riuls. 
Statics and dynamics. 
(Theory of structures in stone, timber, 
{ and iron. 

Geometry, trigonometry, and surveying. 
Theory of beauty and ugliness. 
Prices, wages, and economical valua- 
tions. 

(Naval nrehitecturo and mechanical on- 
l gineering. 



To a great extent, the civil engineer must have also the same education 
'as the mechanical engineer. 

The proposed studies are thus defined : 

THE SCHOOL OF MECHANICS. 



Pure Science. 



Higher Geometry. 
„ Algebra. 
„ Arithmetic. 
,, Statics. 



Higher Dynamics. 
„ Energetics. 
„ Chemistry. 
„ Metallurgy. 



Practical AppHoatioM. 



Descriptive Geometry. 
CJonstiTictive Geometry. 
G^metric Movements. 
Sources of Materials. 
Properties of Materials. 
Strength of Materials. 
Elements of Mechanics. 
Structural Mechanics. 
Machinery and Tools. 



Engines and Prime Movers. 
Economics of Work. 
Endurance of Machinery. 
Machine Shops and Buildings. 
Mechanical Manufactures. 
Political Economy. 
Workshop Economy. 
Principles of Design. 



Work. 



In the Drawing Office. 

In the Collection of Machines." 

ifn the Collection of Machine Materials. 

In the Collection of Raw Materials of Manufactures. 

In the Collection of Engines, &c. 

In Mechanical Experiment. 

In the Factory. 

Hound the Tour of Home Manufactories. 
• In Foreign Travel. 

THE SCHOOL OF CIVIL CONSTRUCTION. 



Engineebing. 
Pure Science. 



Higher Geometry. 
„ Algebra. 
„ Arithmetic. 
„ Statics. 
Dynamics. 



Higher Ekiergotics. 
„ Hydrology. 
„ Chemistry. 
„ Geology. 
„ CrystallO{(y. 
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Practical Applications. 



Engines and Prime Movers. 

Theory of Vehicles and Locomotive 

Machines. 
Theory of Ships and Steam-boats. 
Chemistry of Building Materials. 
(Geology of Stones and Cements. 
Mineralogy and Metallurgy. 
Stability of Foundations. 
Building Combinations of Materials. 
Sources of Materials of Construction. 
Tlieory of Bridges, Roofs, and Tunnels. 
Constructive Geometry. 
Graphic Geometry and Surveying. 
De8crii)tivo Geometry. 



Perspective Geometry. 
Geometric Movements. 
Strengths of Materials. 
Elements of Mechanics. 
Machines and Tools. 
Theory of Rivers. 
Theory of Tides and Waves. 
Theory of Roads, Railroads, and Canals. 
Principles of Architectural Design. 
Principles of Metallurgy. 
Economics of Construction. 
Endurance of Structures, Engines, Ma- 
chines, and Implements. 



Work. 

In the Drawing Office. 

In the Collection of Engineering Models. 

In the Collection of Building Materials. 

In the Collection of Machines. 

En the Laboratory of Strength of Materials. 

In the Chemical Laboratory. 

In Engineering Experiment. 

In the Factory. 

On the Works. 

In Foreign Travel. 



Professor Leone Levi on Technical Education. 

A Parliamentary Paper of 6th December, 1867, publishes — 

TJie Beport on Technical, Industrial, and Professional Instruc- 
tion in Italy and other Countries. By Professor Leone Leviy 
F.8.A. 

Tliis Keport, after pointing out the disadvantages likely to arise 
to this comitry from a want of proper technical education, recom- 
mends, among other measures — 

" The establishment of an industrial university, or a superior 
technical institute for the direction and promotion of technical, 
industrial, and professional instruction in the United Kingdom/' 



Suggestions by the Association of German Engineers. 

In the replies to Lord Stanley's circular, there is given a memo- 
randum drawn up by a Committee of this Association, held at 
Heidelberg in 1861, as to the organisation of Polytechnic Schools : 
they say — 

In accordance with the national character of the Germans, education for 
the higher technical professions can most advantageously bo imparted in 
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Polytechmc Schools. They slionld be high sohools, and should answer to 
the highest clainis which are made npon those who are to be employed in 
the technical departments of the service of the State, or in private nnder- 
takings^ for which a knowledge of mathematics, and the nataial sciences 
and drawing, is necessary. 

They prescribe a somewhat advanced standard for admission, 
and recommend that the schools should afford thorough scientific 
instruction in — 

Architecture. 

Engineering (construction, roads, aqueducts, canals, railways, 
and geodesy). 

Construction of machines, and mechanical technology. 

Physical and chemical technology ; and, under certain oircmn- 
stances, in 

Ship-building, mining, and metallurgy, more especially iron- 
smelting. 

Each principal branch should be divided into an encyclopsBdical 
course, giving a survey of the whole subject; and into several 
separate courses, each, as a rule, extending over six months. 
General culture should be encouraged as much as possible. 
The plan of studies in the different branches to be recommended 
to the students should, in preference, include in the first semestre 
the general sciences ; in the second semestre, the technical sciences ; 
but the rule should not be too strictly carried out, as, on the whole, 
a tendency to divide the Polytechnic School into a number of sepa- 



Where a mechanical-school workshop is organised, the object in 
doing so ought merely to be to provide the apparatus and models 
necessary for the instruction given iij the school, and the carrying 
out of experiments required for the solution of technical scientific 
questions. 

In addition to the general certificates, based on the proficiency 
shown during the course, diplomas of proficiency in any particular 
branch might be granted after rigorous examination, held before the 
student leaves the high school, recommending the holder as a 
person well quahfied for his profession. Such examination and 
diploma ought to secure the privilege of admission to the highest 
offices in the service of the State for which technical knowledge is 
required. 

A detailed list of the subjects of instruction is given. 
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